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Nucleic Acid Molecules Associated With Oil In Plants 
Reference to Related Applications 

This application is a continuation in part of Serial No. 10/806,075 which claims priority 
to Serial No. 10/613,520 is also a continuation in part of Serial No. 10/389,566 which claims 
5 priority to U.S. Provisional Applications 60/365,301 filed 3/1 5/2002, 60/391,786 filed 6/25/2002 
and 60/392,018 filed 6/26/2002, each of which is incorporated herein by reference in its entirety. 
Incorporation Of Sequence Listing 

Two copies of the sequence listing (Seq. Listing Copy 1 and Seq. Listing Copy 2) and a 
computer-readable form of the sequence listing, all on CD-ROMs, each containing the file 
10 named "pa_00678.rpt", which is 7,821 kilobytes (measured in MS-Windows) and was created on 
March 18, 2004, are herein incorporated by reference. 
Incorporation Of Tables 

Two copies of Tables 1-5 (Tables 1-5, Copy 1 and Tables 1-5, Copy 2) all on CD-ROMs, 
each containing the file named "pa_00678.txt", which is 192 kilobytes (measured in MS- 
15 Windows) and was created on March 29, 2004, are herein incorporated by reference. 
Field Of The Invention 

Disclosed herein are inventions in the field of plant molecular biology, plant genetics and 
plant breeding. More specifically disclosed are nucleic acid and amino acid molecules 
associated with oil in plants, particularly oil in maize. Also disclosed are genetic markers for 
20 such nucleic acid molecules and genes and QTLs associated with oil in maize. Such markers are 
useful for discovery and isolation of genes useful in enhancing the level of oil in plants and for 
molecular breeding of maize with enhanced levels of oil. Also disclosed are transgenic plants 
with over expression of one or more genes associated with oil. 

25 Background Of The Invention 

Maize, Zea mays L., is one of the major crops grown worldwide as a primary source for 
animal feed, human food and industrial purposes. Maize plants with improved agronomic traits, 
such as yield or pest resistance, improved quality traits such as oil, protein or starch quality or 
quantity, or improved processing characteristics, such as extractability of desirable compounds, 
30 are desirable for both the farmer and consumer of maize and maize derived products. The ability 
to breed or develop transgenic plants with improved traits depends in part on identification of 
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genes associated with a trait. The unique maize sequences disclosed herein may be useful as 
mapping tools to assist in plant breeding and in designing transgenic plants. Homologous 
sequences in plant species other than maize and in fungi, algae and bacteria may be useful to 
confer novel phenotypes in transgenic maize and other oil-producing plants. 
5 Increases in the oil content of maize seeds can be achieved by altering the expression of 

one or more genes that encode a protein that functionally increases oil production or storage. 
Effective changes in expression may include constitutive increases, constitutive decreases or 
alterations in the tissue-specific pattern of expression. See, for instance, U.S. Patent 6,268,550, 
which discloses that a higher oil content soybean is associated with a twofold increase in acetyl 

10 CoA carboxylase (ACCase) activity during early to mid stages of development when compared 
with a low oil content soybean. In view of a correlation of increased expression of the ACCase 
gene with an increase in the oil content of the seed, it is predicted that over expression of the 
ACCase enzyme is likely to lead to an increase in the oil content of the plants and seeds. Since 
metabolic pathways affecting oil production and storage are complex and controlled by a large 

15 number of enzymes and transcription factors, there is a need to discover and modulate the 
expression of other genes associated with oil. 

Polymorphisms are useful as genetic markers for genotyping applications in the 
agriculture field, e.g., in plant genetic studies and commercial breeding. See for instance U.S. 
Patents 5,385,835; 5,492,547 and 5,981,832, the disclosures of all of which are incorporated 

20 herein by reference. The highly conserved nature of DNA combined with the rare occurrences of 
stable polymorphisms provide genetic markers that are both predictable and discerning of 
different genotypes. Among the classes of existing genetic markers are a variety of 
polymorphisms indicating genetic variation including restriction-fragment-length polymorphisms 
(RFLPs), amplified fragment-length polymorphisms (AFLPs), simple sequence repeats (SSRs), 

25 single nucleotide polymorphisms (SNPs), and insertion/deletion polymorphisms (Indels). 

Because the number of genetic markers for a plant species is limited, the discovery of additional 
genetic markers associated with a trait will facilitate genotyping applications including marker- 
trait association studies, gene mapping, gene discovery, marker-assisted selection, and marker- 
assisted breeding. Evolving technologies make certain genetic markers more amenable for 

30 rapid, large scale use. For instance, technologies for SNP detection indicate that SNPs may be 
preferred genetic markers. 
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Summary Of The Invention 

This invention provides genes that have been identified as being associated with high oil 
5 in maize. An aspect of this invention provides homologs of such genes from a variety of other 
plant species and other organisms, e.g. fungi, algae and bacteria. Nucleic acid molecules derived 
from such genes and homologous genes which encode proteins that are effective in the 
production and/or storage of oil in plant seeds are useful in other aspects of this invention, e.g. 
DNA constructs for producing transgenic plants and seed with higher or lower oil. Thus, a 

10 particular aspect of this invention is transgenic plant seed having in its genome a recombinant 
DNA construct comprising at least one oil-associated gene of this invention operably linked to a 
promoter which is functional in the plant to transcribe the oil-associated gene. In one preferred 
aspects of this invention such transgenic plant seeds can grow into plants having enhanced seed 
oil as compared to wild type. Conversely, an alternative aspect of this invention employs gene 

15 suppression technology, e.g. RNAi gene suppression, to provide transgenic plant seeds having a 
recombinant DNA construct which includes DNA effective for suppression of an oil-associated 
gene. Such seed can be grown into plants having reduced seed oil as compared to wild type. 
Alternatively, the suppression of the oil-associated gene could lead to plants with increased seed 
oil compared to wild type, depending on the action of the gene. 

20 Another aspect of this invention provides hybrid maize seed that is produced by crossing 

two parental maize lines where at least one of the parental maize lines is a transgenic maize line 
which has in its genome a recombinant DNA construct for producing transgenic maize with 
enhanced seed oil as compared to its parents , e.g. its non-transgenic ancestors. Such hybrid 
maize seed will have a recombinant DNA construct comprising at least one oil-associated gene 

25 of this invention operably linked to a promoter which is functional in maize to transcribe the oil- 
associated gene. Still another aspect of this invention provides hybrid maize seed that can 
produce maize plants characterized by agronomic traits of seed oil level, yield and standability. 
Preferably, seed oil level is greater than seed oil level in said closest non-transgenic parental 
lines and, even more preferably, there is essentially no reduction in yield and standability traits in 

30 said maize plants as compared to yield and standability traits for said closest non-transgenic 
parental lines. 
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Still another aspect of this invention provides methods of producing hybrid maize plants 
having enhanced levels of seed oil production and/or seed oil storage as compared to the closest 
non-transgenic ancestor maize lines. Such methods comprise producing a transgenic maize plant 
having in its genome a recombinant DNA construct comprising at least one oil-associated gene 
5 of this invention operably linked to a promoter which is functional in maize to transcribe the oil- 
associated gene. Such methods further comprise crossing transgenic progeny of transgenic 
maize plants with at least one other maize plant to produce hybrid maize plants having enhanced 
levels of seed oil production.. 

Yet another aspect of this invention relates to a method for producing vegetable oil by 

10 growing and harvesting oil from plants of this invention. 

This invention also provides maize oil markers that have been identified as statistically 
significant in associating with high oil in maize. Such markers are especially useful in methods 
of this invention relating to breeding maize for high oil. More particularly, this invention 
provides a method of breeding maize comprising selecting from a breeding population of maize 

15 plants a selected maize plant with higher oil than other maize plants in the breeding population 
based on allelic polymorphisms associated by linkage disequilibrium to a higher seed oil-related 
trait, where the selected maize plant has 1 or more higher oil alleles linked to a maize oil marker 
of this invention. The maize oil markers are also useful in a method of breeding maize 
comprising selecting a maize line having a haplotype characterized by the maize oil markers. 

20 The maize oil markers are also useful in methods of this invention for identifying other 

polymorphic maize DNA loci, which are useful for genotyping between at least two varieties of 
maize. More particularly such a method comprises identifying a locus comprising at least 20 
consecutive nucleotides which are linked to a maize oil marker locus of this invention. Thus, a 
further aspect of this invention provides methods of breeding maize comprising selecting a 

25 maize line having a polymorphism associated by linkage disequilibrium to a seed oil-related trait 
locus where such polymorphism is linked to a maize oil marker of this invention. 

Aspects of this invention related to maize oil markers are isolated nucleic acid molecules 
that are useful for detecting a polymorphism associated with oil in maize, e.g. molecules that are 
known in the art as PCR primers and hybridization probes for using the markers in genotyping. 



4 



38-77(52900)F 



Detailed Description of Preferred Embodiments 

In the sequence listing: 

SEQ ID NOs 1-73 are DNA sequences of amplicons for oil-assoicated markers, 
SEQ ID NOs 74-146 are DNA sequences for oil-associated genes, 
5 SEQ ID NOs 147-219 are amino acid sequences for proteins encoded by oil-associated 

genes, and 

SEQ ID NOs 220- 2337 are amino acid sequences for proteins encoded by homologs of 
oil-associated genes. 

10 In Tables 1-5: 

Table 5 identifies polymorphic markers, i.e. SNPs and Indels, in each of the 73 oil- 
assoicated marker amplicons sequences, i.e. SEQ ID NO: 1-73, 

Table 2 identifies each of the 73 DNA sequences for oil-associated genes by arbitrary 
name of the gene and the encoded protein, i.e. SEQ ID NO:74-146, 
15 Table 3 identifies each of the 73 amino acid sequences for proteins encoded by an oil- 

associated gene by annotated function, i.e. SEQ ID NO: 147-2 19, 

Table 4 identifies homologs of oil-associated genes by reference to a name assigned to a 
sequence in a protein database for SEQ ID NO: 147-219, and 

Table 5 identifies each of the amino acid sequences of proteins encoded by homologs of 
20 oil-associated genes, i..e SEQ ID NO:220-2337, by reference to the name assigned in Table 4 
and indication of source organism. 

As used herein certain terms are defined as follows. 

An "oil-associated gene" means a nucleic acid molecule comprising at least a functional 
25 part of the open reading frame of a gene (or a homolog thereof) that either overlaps with, or is 
associated by linkage disequilibrium with, any one or more of the 73 genomic amplicons of SEQ 
ID NO: 1 through SEQ ID NO:73, which contain markers having a statistically significant 
association with an oil trait. More particularly, oil-associated genes are found in the group 
consisting of: 

30 (a) on maize chromosome 1 the genes characterized by nucleic acid sequences of SEQ ID 
NO: 140, 128, 108, 111, 123, 105, 131, 100,78, 101, and 146; genes encoding proteins 
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having an amino acid sequence selected from the group consisting of SEQ ID NO: 213, 
201, 181, 184, 196, 178, 204, 173, 151, 174, and 219; and homologs thereof selected 
from plants, fungi, algae and bacteria; 

(b) on maize chromosome 2 the genes characterized by nucleic acid sequences of SEQ ID 
5 NO: 95, 126, 82, 74, 89, 1 13, and 1 16; genes encoding proteins having an amino acid 

sequence selected from the group consisting of SEQ ID NO: 168, 199, 155, 147, 162, 
1 86, and 1 89; and homologs thereof selected from plants, fungi, algae and bacteria; 

(c) on maize chromosome 3 the genes characterized by nucleic acid sequences of SEQ ID 
NO: 80, 98, 94, 87, 99, 79, and 135; genes encoding proteins having an amino acid 

10 sequence selected from the group consisting of SEQ ID NO: 153, 171, 167, 160, 172, 

152, and 208; and homologs thereof selected from plants, fungi, algae and bacteria; 

(d) on maize chromosome 4 the genes characterized by nucleic acid sequences of SEQ ID 
NO: 134, 130, 1 10, 91, 77, 86, 97, 85, and 102; genes encoding proteins having an 
amino acid sequence selected from the group consisting of SEQ ID NO: 207, 203, 183, 

15 164, 150, 159, 170, 158, and 175; and homologs thereof selected from plants, fungi, algae 

and bacteria; 

(e) on maize chromosome 5 the genes characterized by nucleic acid sequences of SEQ ID 
NO: 133, 118, 117, 144, 141,93, 139, 129, 103, and 119; genes encoding proteins 
having an amino acid sequence selected from the group consisting of SEQ ID NO: 206, 

20 191, 190, 217, 214, 166,212,202, 176, and 192; and homologs thereof selected from 

plants, fungi, algae and bacteria; 

(f) on maize chromosome 6 the genes characterized by nucleic acid sequences of SEQ ID 
NO: 75, 122, 121, 145, 84, 96, and 107; genes encoding proteins having an amino acid 
sequence selected from the group consisting of SEQ ID NO: 148, 195, 194, 218, 157, 

25 1 69, and 1 80; and homologs thereof selected from plants, fungi, algae and bacteria; 

(g) on maize chromosome 7 the genes characterized by nucleic acid sequences of SEQ ID 
NO: 114, 115, 104, 109, 143, 83, and 106; genes encoding proteins having an amino acid 
sequence selected from the group consisting of SEQ ID NO: 1 87, 1 88, 1 77, 1 82, 2 1 6, 
156, and 179; and homologs thereof selected from plants, fungi, algae and bacteria; 

30 (h) on maize chromosome 8 the genes characterized by nucleic acid sequences of SEQ ID 
NO: 1 12, 132, 142, 90, 124, 127, and 81; genes encoding proteins having an amino acid 
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sequence selected from the group consisting of SEQ ID NO: 185, 205, 215, 163, 197, 

200, and 154; and homologs thereof selected from plants, fungi, algae and bacteria; 
(i) on maize chromosome 9 the genes characterized by nucleic acid sequences of SEQ ID 

NO: 120, 137, 76, 125, and 136; genes encoding proteins having an amino acid sequence 
5 selected from the group consisting of SEQ ID NO: 193, 210, 149, 198, and 209; and 

homologs thereof selected from plants, fungi, algae and bacteria; 
(j) on maize chromosome 10 the genes characterized by nucleic acid sequences of SEQ ID 

NO: 138, 88, and 92; genes encoding proteins having an amino acid sequence selected 

from the group consisting of SEQ ID NO: 211, 161, and 1 65; and homologs thereof 
10 selected from plants, fungi, algae and bacteria; 

(k) nucleic acid molecules comprising oligonucleotides of at least 40 consecutive nucleic 

acid residues of a gene in sections (a) through (j) and having at least 60%, more 

preferably at least 70%, even more preferably at least 80%, and most preferably at least 

90% identity with a same length fragment of said gene; and 
15 (1) nucleic acid molecules encoding proteins having amino acid sequence which has at least 

80% identity, preferably at least 90% identity, to an amino acid sequence of a protein in 

sections (a) through (j) over a window of alignment. 

An "allele" means an alternative sequence at a particular locus; the length of an allele 
20 can be as small as 1 nucleotide base but is typically larger. Allelic sequence can be amino acid 
sequence or nucleic acid sequence. 

A "locus" is a short sequence that is usually unique and usually found at one particular 
location by a point of reference, e.g., a short DNA sequence that is a gene, or part of a gene or 
intergenic region. A locus of this invention can be a unique PCR product. The loci of this 
25 invention are polymorphic between certain individuals. 

"Genotype" means the specification of an allelic composition at one or more loci within 
an individual organism. In the case of diploid organisms, there are two alleles at each locus; a 
diploid genotype is said to be homozygous when the alleles are the same, and heterozygous when 
the alleles are different. 
30 "Consensus sequence" means 
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(a) a constructed DNA sequence that identifies SNP and Indel polymorphisms in 
alleles at a locus. Consensus sequence of a polymorphic locus can be based on 
either strand of DNA at the locus and states the nucleotide base of either one 
of each SNP in the locus and the nucleotide bases of all Indels in the locus. 

5 Thus, although a consensus sequence of a polymorphic locus may not be a 

copy of an actual DNA sequence, a consensus sequence is useful for precisely 
designing primers and probes for actual polymorphisms in the locus. 

(b) a conserved amino acid sequence of part or all of the proteins encoded by 
homologous genes. 

10 

"Homolog" of an oil-associated gene as used herein means a gene from a the same or a 
different organism that performs the same biological function as the oil-associated gene. An 
orthologous relation between two organisms is not necessarily manifest as a one-to-one 
correspondence between two genes, because a gene can be duplicated or deleted after organism 

15 phylogenetic separation, such as speciation. So for a given gene, there may be no ortholog or 
more than one ortholog or the function may be performed by an alternatively spliced gene. 
Other complicating factors include limited gene identification, redundant copies of the same 
gene with different sequence lengths or corrected sequence. A local sequence alignment 
program, e.g. BLAST, can be used to search a database of sequences to find similar sequences, 

20 and the summary Expectation value (E-value) can be used to measure the sequence base 
similarity. Because query results with the best E-value for a particular organism may not 
necessarily be an ortholog or the only ortholog, it is necessary to use a reciprocal BLAST search 
to filter the hit sequences with significant E-values before calling them orthologs. The reciprocal 
BLAST entails search of the significant hits against a database of genes from the base organism 

25 that are similar to the query gene. A hit is a likely ortholog when the reciprocal BLAST'S best hit 
is the query gene itself or is one of the duplicated genes of the query gene after speciation. Some 
skilled in the art may argue that what is called a homolog is in fact an ortholog or a paralog. 
Regardless, the term homolog is used herein to describe genes which are assumed to have 
functional similarity by inference from sequence base similarity. 

30 "Phenotype" means the detectable characteristics of a cell or organism that are a 

manifestation of gene expression. 
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"Marker" means a polymorphic sequence. A "polymorphism" is a variation among 
individuals in sequence, particularly in DNA sequence. Useful polymorphisms include a single 
nucleotide polymorphisms (SNPs) and insertions or deletions in DNA sequence (Indels). 

"Maize oil marker" means a marker in any one of the genomic amplicons of SEQ ID 
5 NO: 1 through SEQ ID NO:73 and markers in linkage disequilibrium with a marker in said 
amplicons. 

"Marker assay" means a method for detecting a polymorphism at a particular locus using 
a particular method, e.g., phenotype (such as seed color, flower color, or other visually detectable 
trait), restriction fragment length polymorphism (RFLP), single base extension, electrophoresis, 
10 sequence alignment, allelic specific oligonucleotide hybridization (ASO), RAPID, etc. 

Preferred marker assays include single base extension as disclosed in U.S. Patent 6,013,431 and 
allelic discrimination where endonuclease activity releases a reporter dye from a hybridization 
probe as disclosed in U.S. Patent 5,538,848, the disclosures of both of which are incorporated 
herein by reference. 

15 "Linkage" refers to relative frequency at which types of gametes are produced in a cross. 

For example, if locus A has alleles "A" or "a" and locus B has alleles "B" or "b," a cross 
between parent I with AABB genotype and parent II with aabb genotype will produce four 
possible gametes where the haploid genotypes are segregated into AB, Ab, aB and ab. The null 
expectation is that there will be independent and equal segregation into each of the four possible 

20 genotypes, i.e., with no linkage, !4 of the gametes will be of each genotype. Segregation of 
gametes into a genotypes differing from % are attributed to linkage. Two loci are said to be 
"genetically linked" when they show this deviation from the expected equal frequency of l A. 

"Linkage disequilibrium" is defined in the context of the relative frequency of gamete 
types in a population of many individuals in a single generation. If the frequency of allele A is 

25 p, a is p*, B is q and b is q', then the expected frequency (with no linkage disequilibrium) of 
genotype AB is pq, Ab is pq', aB is p'q and ab is p'q'. Any deviation from the expected 
frequency is called linkage disequilibrium. 

"Quantitative Trait Locus (QTL)" means a locus that controls to some degree numerically 
representable traits that are usually continuously distributed. 

30 "Haplotype" means the genotype for multiple loci or genetic markers in a haploid 

gamete. Generally, these loci or markers reside within a relatively small and defined region of a 
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chromosome. A preferred haplotype comprises the 1 0 cM region or the 5 cM region or the 2 cM 
region surrounding an informative marker having a significant association with oil. 

"Hybridizing" means the capacity of two nucleic acid molecules or fragments thereof to 
form anti-parallel, double-stranded nucleotide structure. The nucleic acid molecules of this 
5 invention are capable of hybridizing to other nucleic acid molecules under certain circumstances. 
A nucleic acid molecule is said to be the "complement" of another nucleic acid molecule if the 
molecules exhibit "complete complementarity," i.e., each nucleotide in one sequence is 
complementary to its base pairing partner nucleotide in another sequence. Two molecules are 
said to be "minimally complementary" if they can hybridize to one another with sufficient 

10 stability to permit them to remain annealed to one another under at least conventional "low- 
stringency" conditions. Similarly, the molecules are said to be "complementary" if they can 
hybridize to one another with sufficient stability to permit them to remain annealed to one 
another under conventional "high-stringency" conditions. Nucleic acid molecules that hybridize 
to other nucleic acid molecules, e.g., at least under low stringency conditions are said to be 

15 "hybridizable cognates" of the other nucleic acid molecules. Conventional stringency conditions 
are described by Sambrook et al, Molecular Cloning, A Laboratory Manual, 2nd Ed., Cold 
Spring Harbor Press, Cold Spring Harbor, New York (1989) and by Haymes et ai, Nucleic Acid 
Hybridization, A Practical Approach , IRL Press, Washington, DC (1985), each of which is 
incorporated herein by reference. Departures from complete complementarity are therefore 

20 permissible, as long as such departures do not completely preclude the capacity of the molecules 
to form a double-stranded structure. Thus, in order for a nucleic acid molecule to serve as a 
primer or probe, it need only be sufficiently complementary in sequence to be able to form a 
stable double-stranded structure under the particular solvent and salt concentrations employed. 
Appropriate stringency conditions that promote DNA hybridization, for example, 6.0 X sodium 

25 chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 X SSC at 50°C, are 
known to those skilled in the art or can be found in Current Protocols in Molecular Biology* \ 
John Wiley & Sons, N.Y. ( 1 989), 6.3. 1 -6.3.6, incorporated herein by reference. For example, 
the salt concentration in the wash step can be selected from a low stringency of about 2.0 X SSC 
at 50°C to a high stringency of about 0.2 X SSC at 50°C. In addition, the temperature in the 

30 wash step can be increased from low stringency conditions at room temperature, about 22°C, to 
high stringency conditions at about 65°C. Both temperature and salt may be varied, or either the 

10 
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temperature or the salt concentration may be held constant while the other variable is changed. 

"Sequence identity" refers to the extent to which two optimally aligned DNA or amino 
acid sequences are invariant throughout a window of alignment of components, e.g., nucleotides 
or amino acids. An "identity fraction" for aligned segments of a test sequence and a reference 
5 sequence is the number of identical components that are shared by the two aligned sequences 
divided by the total number of components in reference sequence segment, i.e., the entire 
reference sequence or a smaller defined part of the reference sequence. "Percent identity" is the 
identity fraction times 100. Optimal alignment of sequences for aligning a comparison window 
are well known to those skilled in the art and may be conducted by tools such as the local 

10 homology algorithm of Smith and Waterman, the homology alignment algorithm of Needleman 
and Wunsch, the search for similarity method of Pearson and Lipman, and preferably by 
computerized implementations of these algorithms such as GAP, BESTFIT, FASTA, and 
TFASTA available as part of the GCG® Wisconsin Package® (Accelrys Inc. Burlington, MA). 
Polynucleotides of the present invention that are variants of the polynucleotides provided herein 

15 will generally demonstrate significant identity with the polynucleotides provided herein. Of 

particular interest are DNA homologs having at least about 70% sequence identity, at least about 
80% sequence identity, at least about 90% sequence identity, and more preferably even greater, 
such as 98% or 99% sequence identity with DNA sequences of an oil-associated gene described 
herein. Homologous DNA can be characterized by the cognate encoded protein and will have at 

20 least 80%, preferably at least 90% identity with amino acid sequence of a protein encoded by an 
oil-associated gene. 

"Genetic transformation" means a process of introducing a DNA construct (e.g., a vector 
or expression cassette) into a cell or protoplast in which that exogenous DNA is incorporated 
into a chromosome or is capable of autonomous replication. 

25 "Exogenous gene" means a gene or partial gene that is not normally present in a given 

host genome in the exogenous gene's present form. In this respect, the gene itself may be native 
to the host genome; however, the exogenous gene will comprise the native gene altered by the 
addition or deletion of one or more different regulatory elements. 

"Expression" means the combination of intracellular processes, including transcription 

30 and translation undergone by a coding DNA molecule such as a structural gene to produce a 
polypeptide. 
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"Progeny" means any subsequent generation, including the seeds and plants therefrom, 
that is derived from a particular parental plant or set of parental plants. 

"Promoter" means a recognition site on a DNA sequence or group of DNA sequences 
that provides an expression control element for a structural gene and to which RNA polymerase 
5 specifically binds and initiates RNA synthesis (transcription) of that gene. 

"Ro transgenic plant" means a plant that has been directly transformed with a selected 
DNA or has been regenerated from a cell or cell cluster that has been transformed with a selected 
DNA. 

"Regeneration" means the process of growing a plant from a plant cell (e.g., plant 
10 protoplast, callus or explant). 

"DNA construct" means a chimeric DNA molecule that is designed for introduction into 
a host genome by genetic transformation. Preferred DNA constructs will comprise all of the 
genetic elements necessary to direct the expression of one or more exogenous genes. In 
particular embodiments of the instant invention, it may be desirable to introduce a DNA 
15 construct into a host cell in the form of an expression cassette. 

"Transformed cell" means a cell the DNA complement of which has been altered by the 
introduction of an exogenous DNA molecule into that cell. 

"Transgene" means a segment of DNA that has been incorporated into a host genome or 
is capable of autonomous replication in a host cell and is capable of causing the expression of 
20 one or more cellular products. Exemplary transgenes will provide the host cell, or plants 

regenerated therefrom, with a novel phenotype relative to the corresponding non-transformed 
cell or plant. Transgenes may be directly introduced into a plant by genetic transformation or 
may be inherited from a plant of any previous generation that was transformed with the DNA 
segment. 

25 "Transgenic plant" means a plant or progeny plant of any subsequent generation derived 

therefrom, wherein the DNA of the plant or progeny thereof contains an introduced exogenous 
DNA segment not originally present in a non-transgenic plant of the same strain. The transgenic 
plant may additionally contain sequences that are native to the plant being transformed, but 
wherein the "exogenous" gene has been altered in order to alter the level or pattern of expression 

30 of the gene. 
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'Transit peptide" means a polypeptide sequence that is capable of directing a polypeptide 
to a particular organelle or other location within a cell 

"Vector" means a DNA molecule capable of replication in a host cell and/or to which 
another DNA segment can be operatively linked so as to bring about replication of the attached 
5 segment. A plasmid is an exemplary vector. 

"Purified" refers to a nucleic acid molecule or polypeptide separated from substantially 
all other molecules normally associated with it in its native state. More preferably, a 
substantially purified molecule is the predominant species present in a preparation. A 
substantially purified molecule may be greater than 60% free or 75% free or 90% free or 95% 
10 free from the other molecules (exclusive of solvent) present in the natural mixture. The terms 
"isolated and purified" and "substantially purified" are not intended to encompass molecules 
present in their native state. 

As used herein "yield" means the production of a crop, e.g. shelled corn kernels or 
soybean or cotton fiber, per unit of production area, e.g. in bushels per acre or metric tons per 
15 hectare, often reported on a moisture adjusted basis, e.g. corn is typically reported at 1 5.5 % 
moisture. Moreover a bushel of corn is defined by law in the State of Iowa as 56 pounds by 
weight, a useful conversion factor for corn yield is: 100 bushels per acre is equivalent to 6.272 
metric tons per hectare. Other measurements for yield are in common practice. 

The molecules and organisms of the invention may also be "recombinant," which 
20 describes (a) nucleic acid molecules that are constructed or modified outside of cells and that can 
replicate or function in a living cell, (b) molecules that result from the transcription, replication 
or translation of recombinant nucleic acid molecules, or (c) organisms that contain recombinant 
nucleic acid molecules or are modified using recombinant nucleic acid molecules. 

As used herein a "transgenic" organism, e.g. plant or seed, is one whose genome has been 
25 altered by the incorporation of exogenous genetic material or additional copies of native genetic 
material, e.g. by transformation or recombination of the organism or an ancestor organism. 
Transgenic plants include progeny plants of an original plant derived from a transformation 
process including progeny of breeding transgenic plants with wild type plants or other transgenic 
plants. Crop plants of interest in the present invention include, but are not limited to maize, 
30 soybean, cotton, canola (rape), sunflower, safflower and flax. 
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"Enhanced oil" in a transgenic cell or organism having recombinant DNA comprising an 
oil-associated gene is determined by reference to cell or organism without that recombinant 
DNA, e.g. a wild-type plant, a non-recombinant ancestor plant line or a negative segregant 
progeny from a hemizygous transgenic plant. Enhanced oil can be determined by direct or 
5 indirect measurement. Enhanced oil activity can be achieved by linking a constitutive promoter 
to an oil-associated gene. Reduced oil can also be achieved through genetic engineering of oil- 
associated genes, e.g. by a variety of mechanisms including anti-sense, co-suppression, double 
stranded RNA (dsRNA), mutation or knockout. 

As used herein "gene suppression" means any of the well-known methods for 

10 suppressing expression of protein. Posttranscriptional gene suppression is mediated by 

transcription of integrated recombinant DNA to form double-stranded RNA (dsRNA) having 
homology to a gene targeted for suppression. This formation of dsRNA most commonly results 
from transcription of an integrated inverted repeat of the target gene, and is a common feature of 
gene suppression methods known as anti-sense suppression, co-suppression and RNA 

15 interference (RNAi). See Redenbaugh et al in "Safety Assessment of Genetically Engineered 
Flavr Savr™ Tomato, CRC Press, Inc. (1992); Jorgensen et al, Mol. Gen. Genet., 207:471-477 
(1987); and Stam et al., The Plant Journal,, 12(1), 63-82 (1997). Methods for such gene 
suppression are disclosed in U.S. Patent 5,107,065 (Shewmaker et al.); U.S. Patent 5,283,184 
(Jorgensen etal); U.S. Patent 6,326,193 U.S. Patent 6,506,559 (Fire et al); U.S. 2002/0048814 

20 Al (Oeller); U.S. 2003/0018993 Al (Gutterson et al); U.S. 2003/0175965 Al (Lowe et al); 
U.S. 2003/0036197 Al (Glassman et al); U.S. Patent Application No. 10/465,800 (Fillatti), and 
U.S. Application Serial No. 10/393,347 (Shewmaker et al), incorporated herein by reference. 
Transcriptional suppression can be mediated by a transcribed dsRN A having homology to a 
promoter DNA sequence to effect what is called promoter trans suppression. Constructs useful 

25 for such gene suppression mediated by promoter trans suppression are disclosed by Mette et al, 
The EMBO Journal, Vol. 18, No. 1, pp. 241-148, 1999 and by Mette et al, The EMBO Journal, 
Vol. 19, No. 19, pp. 5194-5201-148, 2000. Suppression of an oil-associated gene by RNAi can 
be achieved using a recombinant DNA construct having a promoter operably linked to a DNA 
element comprising a sense and anti-sense element of a segment of genomic DNA of the oil- 

30 associated gene, e.g. a segment of at least about 23 nucleotides, more preferably about 50 to 200 
nucleotides where the sense and anti-sense DNA components can be directly linked or joined by 
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an intron or artificial DNA segment that can form a loop when the transcribed RN A hybridizes to 
form a hairpin structure. For example, genomic DNA from a polymorphic locus of SEQ ID 
NO:l through SEQ ID NO:73 can be used in a recombinant construct for suppression of a 
cognate oil-associated gene by RNAi suppression. 
5 Characteristics of Oil-Associated Genes 

This invention provides nucleic acid molecules comprising DNA sequence representing 
oil-associated genes having a nucleic acid sequence of SEQ ID NO:74 through SEQ ID NO: 146 
or fragments of such oil-associated genes such as substantial parts of oil-associated genes 
providing the protein coding sequence part of the oil-associated gene. The oil-associated genes 

10 of this invention have been identified by marker trait association. 

Homologous oil-associated genes have been identified in other plants and in other 
organisms such as fungi, algae and bacteria using the nucleic acid sequence of a known oil- 
associated gene or the amino acid sequence of a protein encoded by an oil-associated gene in 
any of a variety of search algorithms, e.g. the BLAST search algorithm, in public or proprietary 

15 DNA and protein databases. Existence of a gene is inferred if significant sequence similarity 
extends over the sequence of the target gene. Because homology-based methods may overlook 
genes unique to the source organism, for which homologous nucleic acid molecules have not yet 
been identified in databases, gene prediction programs are also used. Gene prediction programs 
generally use "signals" in the sequence, such as splice sites or "content" statistics, such as codon 

20 bias; to predict gene structures (Stormo, Genome Research 10: 394-397, 2000). Proteins 

encoded by homologs of oil-associated genes are identified by reference to Tables 4 and 5 have 
amino acid sequences of SEQ IS NO:220 through SEQ ID NO:2337. 

With respect to nucleotide sequences, degeneracy of the genetic code provides the 
possibility to substitute at least one base of the base sequence of a gene with a different base 

25 without causing the amino acid sequence of the polypeptide produced from the gene to be 
changed. Hence, the DNA of the present invention may also have any codon changed in a 
sequence of SEQ ID NO: 1 through SEQ ID NO: 146 by substitution in accordance with 
degeneracy of genetic code. See U.S. Patent 5,500,365, incorporated herein by reference. 

More particularly, the homologous oil-associated genes can be characterized by reference 

30 to an artificial consensus sequence of conserved amino acids determined from an alignment of 
protein sequence encoded by such homologs. 
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Characteristics of Maize Oil Markers 

The maize loci of this invention comprise a DNA sequence that comprises at least 20 
consecutive nucleotides and includes or is adjacent to one or more polymorphisms identified in 
5 Table 1 . Such maize loci have a nucleic acid sequence having at least 90% sequence identity or 
at least 95% or for some alleles at least 98% and in many cases at least 99% sequence identity, to 
the sequence of the same number of nucleotides in either strand of a segment of maize DNA that 
includes or is adjacent to the polymorphism. The nucleotide sequence of one strand of such a 
segment of maize DNA may be found in a polymorphic locus with a sequence in the group 
10 consisting of SEQ ID NO: 1 through SEQ ID NO:73. It is understood by the very nature of 
polymorphisms that for at least some alleles there will be no identity to the polymorphism, per 
se. Thus, sequence identity can be determined for sequence that is exclusive of the 
polymorphism sequence. The polymorphisms in each locus are identified more particularly in 
Table 1. 

15 For many genotyping applications it is useful to employ as markers polymorphisms from 

more than one locus. Thus, aspects of the invention use a collection of different loci. The 
number of loci in such a collection can vary but will be a finite number, e.g., as few as 2 or 5 or 
1 0 or 25 loci or more, for instance up to 40 or 75 or 1 00 or more loci. 

Another aspect of the invention provides nucleic acid molecules that are capable of 

20 hybridizing to the polymorphic maize loci of this invention, e.g. PCR primers and hybridization 
probes. In certain embodiments of the invention, e.g., which provide PCR primers, such 
molecules comprise at least 1 5 nucleotide bases. Molecules useful as primers can hybridize 
under high stringency conditions to one of the strands of a segment of DNA in a polymorphic 
locus of this invention. Primers for amplifying DNA are provided in pairs, i.e., a forward primer 

25 and a reverse primer. One primer will be complementary to one strand of DNA in the locus and 
the other primer will be complementary to the other strand of DNA in the locus, i.e., the 
sequence of a primer is at least 90% or at least 95% identical to a sequence of the same number 
of nucleotides in one of the strands. It is understood that such primers can hybridize to a 
sequence in the locus that is distant from the polymorphism, e.g., at least 5, 10, 20, 50 or up to 

30 about 1 00 nucleotide bases away from the polymorphism. Design of a primer of this invention 
will depend on factors well known in the art, e.g., avoidance of repetitive sequence. 
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Another aspect of the nucleic acid molecules of this invention are hybridization probes 
for polymorphism assays. In one aspect of the invention such probes are oligonucleotides 
comprising at least 12 nucleotide bases and a detectable label. The purpose of such a molecule is 
to hybridize, e.g., under high stringency conditions, to one strand of DNA in a segment of 
5 nucleotide bases that includes or is adjacent to the polymorphism of interest in an amplified part 
of a polymorphic locus. Such oligonucleotides are at least 90% or at least 95% identical to the 
sequence of a segment of the same number of nucleotides in one strand of maize DNA in a 
polymorphic locus. The detectable label can be a radioactive element or a dye. In preferred 
aspects of the invention, the hybridization probe further comprises a fluorescent label and a 

10 quencher, e.g., for use in hybridization probe assays of the type known as Taqman assays, 
available from Applied Biosystems of Foster City, California 

For assays where the molecule is designed to hybridize adjacent to a polymorphism that 
is detected by single base extension, e.g., of a labeled dideoxynucleotide, such molecules can 
comprise at least 1 5 or at least 16 or 1 7 nucleotide bases in a sequence that is at least 90% or at 

15 least 95% identical to a sequence of the same number of consecutive nucleotides in either strand 
of a segment of polymorphic maize DNA. Oligonucleotides for single base extension assays are 
available from Orchid Biosystems. 

Such primer and probe molecules are generally provided in groups of two primers and 
one or more probes for use in genotyping assays. Moreover, it is often desirable to conduct a 

20 plurality of genotyping assays for a plurality of polymorphisms. Thus, this invention also 
provides collections of nucleic acid molecules, e.g., in sets that characterize a plurality of 
polymorphisms. 

Characteristics of Protein and Polypeptide Molecules 

25 The nucleic acid molecules of this invention encode certain protein or smaller 

polypeptide molecules including those having an amino acid sequence of SEQ ID NO: 147 
through SEQ ID NO: 2 1 9. Homologs of the polypeptides of the present invention may be 
identified by comparison of the amino acid sequence of the polypeptide to amino acid sequences 
of polypeptides from the same or different plant sources, e.g. manually or by using known 

30 homology-based search algorithms such as those commonly known and referred to as BLAST, 
FASTA, and Smith-Waterman. 
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A further aspect of the invention comprises functional homolog proteins which differ in 
one or more amino acids from those of a polypeptide provided herein as the result of one or more 
of the well-known conservative amino acid substitutions, e.g. valine is a conservative substitute 
for alanine and threonine is a conservative substitute for serine. Conservative substitutions for an 
5 amino acid within the native polypeptide sequence can be selected from other members of a class 
to which the naturally occurring amino acid belongs. Representative amino acids within these 
various classes include, but are not limited to: (1) acidic (negatively charged) amino acids such 
as aspartic acid and glutamic acid; (2) basic (positively charged) amino acids such as arginine, 
histidine, and lysine; (3) neutral polar amino acids such as glycine, serine, threonine, cysteine, 

10 tyrosine, asparagine, and glutamine; and (4) neutral nonpolar (hydrophobic) amino acids such as 
alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and methionine. 
Conserved substitutes for an amino acid within a native amino acid sequence can be selected 
from other members of the group to which the naturally occurring amino acid belongs. For 
example, a group of amino acids having aliphatic side chains is glycine, alanine, valine, leucine, 

15 and isoleucine; a group of amino acids having aliphatic-hydroxyl side chains is serine and 
threonine; a group of amino acids having amide-containing side chains is asparagine and 
glutamine; a group of amino acids having aromatic side chains is phenylalanine, tyrosine, and 
tryptophan; a group of amino acids having basic side chains is lysine, arginine, and histidine; and 
a group of amino acids having sulfur-containing side chains is cysteine and methionine. 

20 Naturally conservative amino acids substitution groups are: valine-leucine, valine-isoleucine, 
phenylalanine-tyrosine, lysine-arginine, alanine-valine, aspartic acid-glutamic acid, and 
asparagine-glutamine. A further aspect of the invention comprises polypeptides which differ in 
one or more amino acids from those of a described protein sequence as the result of deletion or 
insertion of one or more amino acids in a native sequence. 

25 

Recombinant DNA Constructs For Plant Transformation 

The present invention contemplates the use of polynucleotides which encode a protein 
effective for imparting altered oil levels in plants. Such polynucleotides are assembled in 
recombinant DNA constructs using methods known to those of ordinary skill in the art. A useful 
30 technology for building DNA constructs and vectors for transformation is the GATEWAY™ 
cloning technology (available from Invitrogen Life Technologies, Carlsbad, California) uses the 
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site specific recombinase LR cloning reaction of the Integrase/a// system from bacteriophage 
lambda vector construction, instead of restriction endonucleases and ligases. The LR cloning 
reaction is disclosed in U.S. Patents 5,888,732 and 6,277,608, U.S. Patent Application 
Publications 2001283529, 2001282319 and 20020007051, all of which are incorporated herein 
5 by reference. The GATEWAY™ Cloning Technology Instruction Manual which is also 

supplied by Invitrogen also provides concise directions for routine cloning of any desired DNA 
into a vector comprising operable plant expression elements. 

Transgenic DNA constructs used for transforming plant cells will comprise the 
heterologous DNA which one desires to introduced into and a promoter to express the 

10 heterologous DNA in the host maize cells. As is well known in the art such constructs typically 
also comprise a promoter and other regulatory elements, 3' untranslated regions (such as 
polyadenylation sites), transit or signal peptides and marker genes elements as desired. For 
instance, see U.S. Patents No. 5,858,642 and 5,322,938which disclose versions of the 
constitutive promoter derived from cauliflower mosaic virus (CaMV35S), U.S. Patent 6,437,217 

15 which discloses a maize RS81 promoter, U.S. Patent 5,641,876 which discloses a rice actin 
promoter, U.S. Patent 6,426,446 which discloses a maize RS324 promoter, U.S. Patent 
6,429,362 which discloses a maize PR-1 promoter, U.S. Patent 6,232,526 which discloses a 
maize A3 promoter, U.S. Patent 6,177,61 1 which discloses constitutive maize promoters, U.S. 
Patent 6,433,252 which discloses a maize L3 oleosin promoter, U.S. Patent 6,429,357 which 

20 discloses a rice actin 2 promoter and intron, U.S. Patent 5,837,848 which discloses a root specific 
promoter, U.S. Patent 6,084,089 which discloses cold inducible promoters, U.S. Patent 
6,294,714 which discloses light inducible promoters, U.S. Patent 6,140,078 which discloses salt 
inducible promoters, U.S. Patent 6,252,138 which discloses pathogen inducible promoters, U.S. 
Patent 6,175,060 which discloses phosphorus deficiency inducible promoters, U.S. Patent 

25 Application Publication 2002/01 928 13A1 which discloses 5', 3' and intron elements useful in 
the design of effective plant expression vectors, U.S. patent application Serial No. 09/078,972 
which discloses a coixin promoter, U.S. patent application Serial No. 09/757,089 which discloses 
a maize chloroplast aldolase promoter, all of which are incorporated herein by reference. 

In many aspects of the invention it is preferred that the promoter element in the DNA 

30 construct should be seed or kernel tissue specific. Such promoters can be identified and isolated 
by those skilled in the art from the regulatory region of plant genes which are over expressed in 
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seed tissue, e.g. embryo or endosperm. For example, specific seed tissue-specific promoters for 
use in this invention include an L3 oleosin promoter as disclosed in U.S. Patent 6,433,252, a 
gamma coixin promoter as disclosed in U.S. patent application Serial No. 09/078,972, and emb5 
promoter as disclosed in U.S. provisional application Serial No. 60/434,242, all of which are 
5 incorporated herein by reference. 

In general, it is preferred to introduce heterologous DNA randomly, i.e. at a non-specific 
location, in the plant genome. In special cases, it may be useful to target heterologous DNA 
insertion in order to achieve site specific integration, e.g. to replace an existing gene in the 
genome. In some other cases it may be useful to target a heterologous DNA integration into the 

10 genome at a predetermined site from which it is known that gene expression occurs. Several site 
specific recombination systems exist which are known to function in plants and include cre-lox 
as disclosed in U.S. Patent 4,959,317 and FLP-FRT as disclosed in U.S. Patent 5,527,695, both 
incorporated herein by reference. 

Constructs and vectors may also include a transit peptide for targeting of a gene target to 

15 a plant organelle, particularly to a chloroplast, leucoplast or other plastid organelle. For a 
description of the use of a chloroplast transit peptide see U.S. Patent 5, 188,642, incorporated 
herein by reference. 

In practice, DNA is introduced into only a small percentage of target cells in any one 
experiment. Selectable marker genes are used to provide an efficient system for identification of 

20 those cells that are stably transformed by receiving and integrating a transgenic DNA construct 
into their genomes. Preferred selectable marker genes confer resistance to a selective agent, such 
as an antibiotic or herbicide. Potentially transformed cells are exposed to the selective agent. In 
the population of surviving cells will be those cells where, generally, the resistance-conferring 
gene has been integrated and expressed at sufficient levels to permit cell survival. Cells may be 

25 tested further to confirm stable integration of the exogenous DNA. Useful selectable marker 

genes include those conferring resistance to antibiotics such as kanamycin (nptll), hygromycin B 
(aph IV) and gentamycin (aac3 and aacC4) or resistance to herbicides such as glufosinate (bar or 
pat) and glyphosate (EPSPS). Examples of such selectable marker genes are illustrated in U.S. 
Patents 5,550,318; 5,633,435; 5,780,708 and 6,1 18,047, all of which are incorporated herein by 

30 reference. Screenable markers which provide an ability to visually identify transformants can 
also be employed, e.g., a gene expressing a colored or fluorescent protein such as a luciferase or 
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green fluorescent protein (GFP) or a gene expressing a ^/^-glucuronidase or uidA gene (GUS) 
for which various chromogenic substrates are known. 



Exogenous Oil-Associated Genes for Modification of Plant Phenotypes 

5 A particularly important advance of the present invention is that it provides DNA 

sequences useful for producing desirable oil-related phenotypes in plants, preferably in crop 
plants such as soybean, cotton, canola, sunflower, safflower, flax and most preferably in maize. 

The choice of a selected DNA sequence for expression in a plant host cell in accordance 
with the invention will depend on the purpose of gene expression, e.g., expression of a native 

10 gene or homolog by a constitutive promoter, over expression of a native gene or homolog, 
suppression of a native gene, or altered tissue- or stage-specific expression of a native gene or 
homolog by a tissue- or stage-specific promoter. 

In certain embodiments of the invention, transformation of a recipient cell may be carried 
out with more than one exogenous DNA coding region. As used herein, an "exogenous coding 

15 region" or "selected coding region" is a coding region not normally found in the host genome in 
an identical context. By this, it is meant that the coding region may be isolated from a different 
species than that of the host genome, or alternatively, isolated from the host genome, but it is 
operably linked to one or more regulatory regions that differ from those found in the unaltered, 
native gene. Two or more exogenous coding regions also can be supplied in a single 

20 transformation event using either distinct transgene-encoding vectors, or using a single vector 
incorporating two or more coding sequences. 

Enhancement of an oil-related trait can also be effected by suppression of one or more 
genes that express proteins that divert oil producing materials into competing products or that 
degrade oil products. Site-directed inactivation of a gene, while possible, is typically difficult to 

25 achieve. Other more effective methods of gene suppression include the use anti-sense RN A, co- 
suppression, interfering RNA, processing defective RNA, transposon tagging, backcrossing or 
homologous recombination. Post transcriptional gene suppression by RNA interference is a 
superior and preferred method of gene suppression. In a preferred embodiment gene suppression 
may complement over expression of an oil-associated gene. 

30 

Transformation Methods and Transgenic Plants 
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Methods and compositions for transforming plants by introducing a transgenic DNA 
construct into a plant genome in the practice of this invention can include any of the well-known 
and demonstrated methods. Preferred methods of plant transformation are microprojectile 
bombardment as illustrated in U.S. Patents 5,015,580; 5,550,318; 5,538,880; 6,160,208: 
5 6,194,636 and 6,399,861 and Agrobacterium-mediaXed transformation as illustrated in U.S. 
Patents 5,824,877; 5,591,616; 5,981,840 and 6,384,301, all of which are incorporated herein by 
reference. See also U.S. application Serial No. 09/823,676, incorporated herein by reference, for 
a description of vectors, transformation methods, and production of transformed Arabidopsis 
thaliana plants where genes in a recombinant DNA construct are constitutively expressed by a 

10 CaMV35S promoter. 

Transformation methods of this invention to provide plants with enhanced environmental 
stress tolerance are preferably practiced in tissue culture on media and in a controlled 
environment. "Media" refers to the numerous nutrient mixtures that are used to grow cells in 
vitro, that is, outside of the intact living organism. Recipient cell targets include, but are not 

15 limited to, meristem cells, callus, immature embryos and gametic cells such as microspores, 
pollen, sperm and egg cells. It is contemplated that any cell from which a fertile plant may be 
regenerated is useful as a recipient cell. Callus may be initiated from tissue sources including, 
but not limited to, immature embryos, seedling apical meristems, microspores and the like. 
Those cells which are capable of proliferating as callus also are recipient cells for genetic 

20 transformation. Practical transformation methods and materials for making transgenic plants of 
this invention, e.g. various media and recipient target cells, transformation of immature embryos 
and subsequent regeneration of fertile transgenic plants are disclosed in U.S. Patent 6,194,636 
and U.S. patent application Serial No. 09/757,089, which are incorporated herein by reference. 

25 Regeneration and Seed Production 

Cells that survive the exposure to the selective agent, or cells that have been scored 
positive in a screening assay, may be cultured in media that supports regeneration of plants. 
Such media is well-known to one of skill in the art. 

The transformed cells, identified by selection or screening and cultured in an appropriate 
30 medium that supports regeneration, will then be allowed to mature into plants. Developing 
plantlets are transferred to soil-less plant growth mix, and hardened off, e.g., in an 
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environmentally controlled chamber at about 85% relative humidity, 600 ppm CC>2 5 and 25-250 
microeinsteins m" 2 s ] of light, prior to transfer to a greenhouse or growth chamber for 
maturation. Plants are preferably matured either in a growth chamber or greenhouse. Plants are 
regenerated from about 6 wk to 10 months after a transformant is identified, depending on the 
5 initial tissue. During regeneration, cells are grown on solid media in tissue culture vessels. 
Regenerating plants are preferably grown at about 1 9°C to 28°C. After the regenerating plants 
have reached the stage of shoot and root development, they may be transferred to a greenhouse 
for further growth and testing. Plants may be pollinated using conventional plant breeding 
methods known to those of skill in the art and seed produced. 

10 Progeny may be recovered from transformed plants and tested for expression of the 

exogenous expressible gene. The transgenic seeds of this invention can be harvested from fertile 
transgenic plants and be used to grow progeny generations of transformed plants of this 
invention, including hybrid plants; said progeny generations will contain the DNA construct 
expressing an oil-associated gene which provides the benefits of enhanced oil production and/or 

1 5 storage. 

Seeds of R 0 transformed plants may occasionally require embryo rescue due to cessation 
of seed development and premature senescence of plants. To rescue developing embryos, they 
are excised from surface-disinfected seeds 10-20 days post-pollination and cultured. An 
embodiment of media used for culture at this stage comprises MS salts, 2% sucrose, and 5.5 g/1 
20 agarose. In embryo rescue, large embryos (defined as greater than 3 mm in length) are 

germinated directly on an appropriate media. Embryos smaller than that may be cultured for 1 
wk on media containing the above ingredients along with 10' 5 M abscisic acid and then 
transferred to growth regulator- free medium for germination. 

25 Characterization of Transgenic Plants for Presence of Exogenous DNA 

To confirm the presence of the exogenous DNA in regenerating plants, a variety of 
assays may be performed. Such assays include, for example, "molecular biological" assays, such 
as Southern and Northern blotting and PCR; "biochemical" assays, such as detecting the 
presence of RNA, e.g., double-stranded RNA, or a protein product, e.g., by immunological 
30 means (ELISAs and Western blots) or by enzymatic function; plant part assays, such as leaf or 
root assays; and also, by analyzing the phenotype of the whole regenerated plant. Genomic 
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DNA may be isolated from callus cell lines or any plant parts to determine the presence of the 
exogenous gene through the use of techniques well known to those skilled in the art. 

The presence of DNA elements introduced through the methods of this invention may be 
determined by polymerase chain reaction (PCR). Using this technique, discreet fragments of 
5 DNA are amplified and detected by gel electrophoresis. This type of analysis permits one to 
determine whether a gene is present in a stable transformant, but it does not necessarily prove 
integration of the introduced gene into the host cell genome. Typically, DNA has been 
integrated into the genome of all transformants that demonstrate the presence of the gene through 
PCR analysis. In addition, it is not possible using PCR techniques to determine whether 

10 transformants have exogenous genes introduced into different sites in the genome, i.e., whether 
transformants are of independent origin. Using PCR techniques it is possible to clone fragments 
of the host genomic DNA adjacent to an introduced gene. 

Positive proof of DNA integration into the host genome and the independent identities of 
transformants may be determined using the technique of Southern hybridization. Using this 

15 technique, specific DNA sequences that were introduced into the host genome and flanking host 
DNA sequences can be identified. Hence the Southern hybridization pattern of a given 
transformant serves as an identifying characteristic of that transformant. In addition, it is 
possible through Southern hybridization to demonstrate the presence of introduced genes in high 
molecular weight DNA, i.e., confirm that the introduced gene has been integrated into the host 

20 cell genome. The technique of Southern hybridization provides information that can be obtained 
using PCR, e.g., the presence of a gene, but also demonstrates integration into the genome and 
characterizes each individual transformant. It is contemplated that using the techniques of dot or 
slot blot hybridization, which are modifications of Southern hybridization techniques, one could 
obtain the same information that is derived from PCR, e.g., the presence of a gene. 

25 Both PCR and Southern hybridization techniques can be used to demonstrate 

transmission of a transgene to progeny. In most instances the characteristic Southern 
hybridization pattern for a given transformant will segregate in progeny as one or more 
Mendelian genes, indicating stable inheritance of the transgene. 

Further information about the nature of the RN A product may be obtained by Northern 

30 blotting. This technique will demonstrate the presence of an RNA species and give information 
about the integrity of that RNA. The presence or absence of an RNA species also can be 
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determined using dot or slot blot Northern hybridizations. These techniques are modifications of 
Northern blotting and will only demonstrate the presence or absence of an RNA species. It is 
further contemplated that TAQMAN® technology (Applied Biosystems, Foster City, CA) may 
be used to quantitate both DNA and RNA in a transgenic cell. 
5 Although Southern blotting and PCR may be used to detect the gene(s) in question, they 

do not provide information as to whether the gene is being expressed. Expression may be 
evaluated by specifically identifying the protein products of the introduced genes or evaluating 
the phenotypic changes brought about by their expression. The unique structures of individual 
proteins offer opportunities for use of specific antibodies to detect their presence in formats such 
10 as an ELISA assay. Combinations of approaches may be employed with even greater specificity 
such as Western blotting in which antibodies are used to locate individual gene products that 
have been separated by electrophoretic techniques. Additional techniques may be employed to 
absolutely confirm the identity of the product of interest such as evaluation by amino acid 
sequencing following purification. 

15 

Event-Specific Transgene Assays 

Southern blotting, PCR and RT-PCR techniques can be used to identify the presence or 
absence of a given transgene but, depending upon experimental design, may not specifically and 
uniquely identify identical or related transgene constructs located at different insertion points 

20 within the recipient genome. To more precisely characterize the presence of transgenic material 
in a transformed plant, one skilled in the art could identify the point of insertion of the transgene 
and, using the sequence of the recipient genome flanking the transgene, develop an assay that 
specifically and uniquely identifies a particular insertion event. Many methods can be used to 
determine the point of insertion such as, but not limited to, Genome Walker™ technology 

25 (CLONTECH, Palo Alto, CA), Vectorette™ technology (Sigma, St. Louis, MO), restriction site 
oligonucleotide PCR, uneven PCR, and generation of genomic DNA clones containing the 
transgene of interest in a vector such as, but not limited to, lambda phage. 

Once the sequence of the genomic DNA directly adjacent to the transgenic insert on 
either or both sides has been determined, one skilled in the art can develop an assay to 

30 specifically and uniquely identify the insertion event. For example, two oligonucleotide primers 
can be designed, one wholly contained within the transgene and one wholly contained within the 
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flanking sequence, that can be used together with the PCR technique to generate a PCR product 
unique to the inserted transgene. In one embodiment, the two oligonucleotide primers for use in 
PCR could be designed such that one primer is complementary to sequences in both the 
transgene and adjacent flanking sequence such that the primer spans the junction of the insertion 
5 site while the second primer could be homologous to sequences contained wholly within the 
transgene. In another embodiment, the two oligonucleotide primers for use in PCR could be 
designed such that one primer is complementary to sequences in both the transgene and adjacent 
flanking sequence such that the primer spans the junction of the insertion site while the second 
primer could be homologous to sequences contained wholly within the genomic sequence 
10 adjacent to the insertion site. Confirmation of the PCR reaction may be monitored by, but not 
limited to, size analysis on gel electrophoresis, sequence analysis, hybridization of the PCR 
product to a specific radiolabeled DNA or RNA probe or to a molecular beacon, or use of the 
primers in conjugation with a TAQMAN™ probe and technology (Applied Biosystems, Foster 
City, CA) 

15 

Site-Specific Integration or Excision of Transgenes 

It is specifically contemplated by the inventors that one could employ techniques for the 
site-specific integration or excision of transformation constructs prepared in accordance with the 
instant invention. An advantage of site-specific integration or excision is that it can be used to 
20 overcome problems associated with conventional transformation techniques, in which 

transformation constructs typically randomly integrate into a host genome and multiple copies of 
a construct may integrate. Site-specific integration can be achieved in plants by means of 
homologous recombination as disclosed, for example, in U.S. Patents 5,527,695 and 5,658,772, 
incorporated herein by reference. 

25 

Deletion of sequences located within the transgenic insert 

During the transformation process it is often necessary to include ancillary sequences, 
such as selectable marker or reporter genes, for tracking the presence or absence of a desired trait 
gene transformed into the plant on the DNA construct. Such ancillary sequences often do not 
30 contribute to the desired trait or characteristic conferred by the phenotypic trait gene. 
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Homologous recombination is a method by which introduced sequences may be selectively 
deleted in transgenic plants. 

Deletion of sequences by homologous recombination relies upon directly repeated DNA 
sequences positioned about the region to be excised, so that the repeated DNA sequences direct 
5 excision utilizing native cellular recombination mechanisms. The first fertile transgenic plants 
are crossed to produce either hybrid or inbred progeny plants, and from those progeny plants, 
one or more second fertile transgenic plants are selected that contain a second DNA sequence 
that has been altered by recombination, preferably resulting in the deletion of the ancillary 
sequence. The first fertile plant can be either hemizygous or homozygous for the DNA sequence 
10 containing the directly repeated DNA that will drive the recombination event as disclosed in U.S. 
application Serial No. 09/521,557, incorporated herein by reference. 
Detecting Polymorphisms 

Polymorphisms in DNA sequences can be detected by a variety of effective methods well known 
in the art including those methods disclosed in U.S. Patents 5,468,613 and 5,217,863 by 

15 hybridization to allele-specific oligonucleotides; in U.S. Patents 5,468,613 and 5,800,944 by 
probe ligation; in U.S. Patent 5,616,464 by probe linking; and in U.S. Patents 6,004,744; 
6,013,431; 5,595,890; 5,762,876; and 5,945,283 by labeled base extension, all of which are 
incorporated herein by reference. 

In another preferred method for detecting polymorphisms, SNPs and Indels can be 

20 detected by methods disclosed in U.S. Patents 5,210,015; 5,876,930; and 6,030,787 in which an 
oligonucleotide probe having a 5 'fluorescent reporter dye and a 3 'quencher dye covalently 
linked to the 5' and 3' ends of the probe. When the probe is intact, the proximity of the reporter 
dye to the quencher dye results in the suppression of the reporter fluorescence, e.g., by Forster- 
type energy transfer. A PCR reaction is designed such that forward and reverse primers 

25 hybridize to specific sequences of the target DNA flanking a polymorphism. The hybridization 
probe hybridizes to polymorphism-containing sequence within the amplified PCR product. In 
the subsequent PCR cycle, DNA polymerase with 5' -> 3' exonuclease activity cleaves the probe 
and separates the reporter dye from the quencher dye resulting in increased fluorescence of the 
reporter. A useful assay is available from AB Biosystems as the Taqman® assay, which 

30 employs four synthetic oligonucleotides in a single reaction that concurrently amplifies the maize 
genomic DNA, discriminates between the alleles present, and directly provides a signal for 
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discrimination and detection. Two of the four oligonucleotides serve as PCR primers and 
generate a PCR product encompassing the polymorphism to be detected. Two others are allele- 
specific fluorescence-resonance-energy-transfer (FRET) probes. FRET probes incorporate a 
fluorophore and a quencher molecule in close proximity so that the fluorescence of the 
5 fluorophore is quenched. The signal from a FRET probe is generated by degradation of the 

FRET oligonucleotide, so that the fluorophore is released from proximity to the quencher, and is 
thus able to emit light when excited at an appropriate wavelength. In the assay, two FRET 
probes bearing different fluorescent reporter dyes are used, where a unique dye is incorporated 
into an oligonucleotide that can anneal with high specificity to only one of the two alleles. 

10 Useful reporter dyes include 6-carboxy-4,7,2',7'-tetrachlorofluorecein (TET), VIC (a dye from 
Applied Biosystems Foster City, CA), and 6-carboxyfluorescein phosphoramidite (FAM). A 
useful quencher is 6-carboxy-N,N,N',N'-tetramethylrhodamine (TAMRA). Additionally, the 
3 'end of each FRET probe is chemically blocked so that it cannot act as a PCR primer. During 
the assay, maize genomic DNA is added to a buffer containing the two PCR primers and two 

15 FRET probes. Also present is a third fluorophore used as a passive reference, e.g., rhodamine X 
(ROX), to aid in later normalization of the relevant fluorescence values (correcting for 
volumetric errors in reaction assembly). Amplification of the genomic DNA is initiated. During 
each cycle of the PCR, the FRET probes anneal in an allele-specific manner to the template 
DNA molecules. Annealed (but not non-annealed) FRET probes are degraded by TAQ DNA 

20 polymerase as the enzyme encounters the 5' end of the annealed probe, thus releasing the 

fluorophore from proximity to its quencher. Following the PCR reaction, the fluorescence of 
each of the two fluorescers, as well as that of the passive reference, is determined 
fluorometrically. The normalized intensity of fluorescence for each of the two dyes will be 
proportional to the amounts of each allele initially present in the sample, and thus the genotype 

25 of the sample can be inferred. 

To design primers and probes for the assay the locus sequence is first masked to prevent 
design of any of the three primers to sites that match known maize repetitive elements (e.g., 
transposons) or are of very low sequence complexity (di- or tri-nucleotide repeat sequences). 
Design of primers to such repetitive elements will result in assays of low specificity, through 

30 amplification of multiple loci or annealing of the FRET probes to multiple sites. 



28 



38-77(52900)F 



PCR primers are designed (a) to have a length in the size range of 1 8 to 25 bases and 
matching sequences in the polymorphic locus, (b) to have a calculated melting temperature in the 
range of 57°C to 60 °C, e.g., corresponding to an optimal PCR annealing temperature of 52°C to 
55°C, (c) to produce a product that includes the polymorphic site and has a length in the size 
5 range of 75 to 250 base pairs. The PCR primers are preferably located on the locus so that the 
polymorphic site is at least one base away from the 3' end of each PCR primer. The PCR 
primers must not contain regions that are extensively self- or inter-complementary. 

FRET probes are designed to span the sequence of the polymorphic site, preferably with 
the polymorphism located in the 3' most 2/3 of the oligonucleotide. In the preferred 

10 embodiment, the FRET probes will have incorporated at their 3'end a chemical moiety that, 
when the probe is annealed to the template DNA, binds to the minor groove of the DNA, thus 
enhancing the stability of the probe-template complex. The probes should have a length in the 
range of 12 to 17 bases and, with the 3'MGB, have a calculated melting temperature of 5°C to 
7°C above that of the PCR primers. Probe design is disclosed in US Patents 5,538,848; 

15 6,084,102; and 6,127,121. 

Use Of Polymorphisms To Establish Marker/Trait Associations 

The polymorphisms in the loci of this invention can be used in marker/trait associations 
that are inferred from statistical analysis of genotypes and phenotypes of the members of a 

20 population. These members may be individual organisms of, e.g., maize, families of closely 
related individuals, inbred lines, dihaploids or other groups of closely related individuals. Such 
maize groups are referred to as "lines", indicating line of descent. The population may be 
descended from a single cross between two individuals or two lines (e.g., a mapping population) 
or it may consist of individuals with many lines of descent. Each individual or line is 

25 characterized by a single or average trait phenotype and by the genotypes at one or more marker 
loci. 

Several types of statistical analysis can be used to infer marker/trait association from the 
phenotype/genotype data, but a basic idea is to detect markers, i.e., polymorphisms, for which 
alternative genotypes have significantly different average phenotypes. For example, if a given 
30 marker locus A has three alternative genotypes (AA, Aa and aa), and if those three classes of 
individuals have significantly different phenotypes, then one infers that locus A is associated 
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with the trait. The significance of differences in phenotype may be tested by several types of 
standard statistical tests such as linear regression of marker genotypes on phenotype or analysis 
of variance (ANOVA). Commercially available, statistical software packages commonly used to 
do this type of analysis include SAS Enterprise Miner (SAS Institute Inc., Cary, NC) and Splus 
5 (Insightful Corporation. Cambridge, MA). 

Often the goal of an association study is not simply to detect marker/trait associations, 
but to estimate the location of genes affecting the trait directly (i.e., QTLs) relative to the marker 
locations. In a simple approach to this goal, one makes a comparison among marker loci of the 
magnitude of difference among alternative genotypes or the level of significance of that 

10 difference. Trait genes are inferred to be located nearest the marker(s) that have the greatest 

associated genotypic difference. In a more complex analysis, such as interval mapping (Lander 
and Botstein, Genetics 121 A 85-1 99, 1 989), each of many positions along the genetic map (say at 
1 cM intervals) is tested for the likelihood that a QTL is located at that position. The 
genotype/phenotype data are used to calculate for each test position a LOD score (log of 

15 likelihood ratio). When the LOD score exceeds a critical threshold value, there is significant 
evidence for the location of a QTL at that position on the genetic map (which will fall between 
two particular marker loci). 

1. linkage disequilibrium mapping and association studies 

Another approach to determining trait gene location is to analyze trait-marker 

20 associations in a population within which individuals differ at both trait and marker loci. 

Certain marker alleles may be associated with certain trait locus alleles in this population due to 
population genetic process such as the unique origin of mutations, founder events, random drift 
and population structure. This association is referred to as linkage disequilibrium. In linkage 
disequilibrium mapping, one compares the trait values of individuals with different genotypes at 

25 a marker locus. Typically, a significant trait difference indicates close proximity between 
marker locus and one or more trait loci. If the marker density is appropriately high and the 
linkage disequilibrium occurs only between very closely linked sites on a chromosome, the 
location of trait loci can be very precise. 

A specific type of linkage disequilibrium mapping is known as association studies. This 

30 approach makes use of markers within candidate genes, which are genes that are thought to be 
functionally involved in development of the trait because of information such as biochemistry, 
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physiology, transcriptional profiling and reverse genetic experiments in model organisms. In 
association studies, markers within candidate genes are tested for association with trait variation. 
I If linkage disequilibrium in the study population is restricted to very closely linked sites (i.e., 

i within a gene or between adjacent genes), a positive association provides nearly conclusive 

5 evidence that the candidate gene is a trait gene. 

2. positional cloning and transgenic applications 

Traditional linkage mapping typically localizes a trait gene to an interval between two 
j genetic markers (referred to as flanking markers). When this interval is relatively small (say 

less than 1 Mb), it becomes feasible to precisely identify the trait gene by a positional cloning 
1 10 procedure. A high marker density is required to narrow down the interval length sufficiently. 

This procedure requires a library of large insert genomic clones (such as a BAC library), where 
' the inserts are pieces (usually 100-150 kb in length) of genomic DNA from the species of 

| interest. The library is screened by probe hybridization or PCR to identify clones that contain 

; the flanking marker sequences. Then a series of partially overlapping clones that connects the 

15 two flanking clones (a "contig") is built up through physical mapping procedures. These 
procedures include fingerprinting, STS content mapping and sequence-tagged connector 
methodologies. Once the physical contig is constructed and sequenced, the sequence is searched 
for all transcriptional units. The transcriptional unit that corresponds to the trait gene can be 
determined by comparing sequences between mutant and wild type strains, by additional fine- 
20 scale genetic mapping, and/or by functional testing through plant transformation. Trait genes 
identified in this way become leads for transgenic product development. Similarly, trait genes 
identified by association studies with candidate genes become leads for transgenic product 
development. 

3. marker-aided breeding and marker-assisted selection 

25 When a trait gene has been localized in the vicinity of genetic markers, those markers can 

be used to select for improved values of the trait without the need for phenotypic analysis at each 
cycle of selection. In marker-aided breeding and marker-assisted selection, associations between 
trait genes and markers are established initially through genetic mapping analysis (as in sections 
1 or 2 above). In the same process, one determines which marker alleles are linked to favorable 

30 trait gene alleles. Subsequently, marker alleles associated with favorable trait gene alleles are 
selected in the population. This procedure will improve the value of the trait provided that there 
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is sufficiently close linkage between markers and trait genes. The degree of linkage required 
depends upon the number of generations of selection because, at each generation, there is 
opportunity for breakdown of the association through recombination. 
4. Prediction of crosses for new inbred line development 
5 The associations between specific marker alleles and favorable trait gene alleles also can 

be used to predict what types of progeny may segregate from a given cross. This prediction may 
allow selection of appropriate parents to generation populations from which new combinations of 
favorable trait gene alleles are assembled to produce a new inbred line. For example, if line A 
has marker alleles previously known to be associated with favorable trait alleles at loci 1 , 20 and 
10 31, while line B has marker alleles associated with favorable effects at loci 1 5, 27 and 29, then a 
new line could be developed by crossing A x B and selecting progeny that have favorable alleles 
at all 6 trait loci. 

5. hybrid prediction 

Commercial corn seed is produced by making hybrids between two elite inbred lines that 
15 belong to different "heterotic groups". These groups are sufficiently distinct genetically that 
hybrids between them show high levels of heterosis or hybrid vigor (i.e., increased performance 
relative to the parental lines). By analyzing the marker constitution of good hybrids, one can 
identify sets of alleles at different loci in both male and female lines that combine well to 
produce heterosis. Understanding these patterns, and knowing the marker constitution of 
20 different inbred lines, can allow prediction of the level of heterosis between different pairs of 
lines. These predictions can narrow down the possibilities of which line(s) of opposite heterotic 
group should be used to test the performance of a new inbred line. 

6. identity by descent 

One theory of heterosis predicts that regions of identity by descent (IBD) between the male and 
25 female lines used to produce a hybrid will reduce hybrid performance. Identity by descent can 
be inferred from patterns of marker alleles in different lines. An identical string of markers at a 
series of adjacent loci may be considered identical by descent if it is unlikely to occur 
independently by chance. Analysis of marker fingerprints in male and female lines can identify 
regions of IBD. Knowledge of these regions can inform the choice of hybrid parents, because 
30 avoiding IBD in hybrids is likely to improve performance. This knowledge may also inform 
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breeding programs in that crosses could be designed to produce pairs of inbred lines (one male 
and one female) that show little or no IBD. 

A fingerprint of an inbred line is the combination of alleles at a set of marker loci. High 
density fingerprints can be used to establish and trace the identity of germplasm, which has 
5 utility in germplasm ownership protection. 

Genetic markers are used to accelerate introgression of transgenes into new genetic 
backgrounds (i.e., into a diverse range of germplasm). Simple introgression involves crossing a 
transgenic line to an elite inbred line and then backcrossing the hybrid repeatedly to the elite 
(recurrent) parent, while selecting for maintenance of the transgene. Over multiple backcross 
10 generations, the genetic background of the original transgenic line is replaced gradually by the 
genetic background of the elite inbred through recombination and segregation. This process can 
be accelerated by selection on marker alleles that derive from the recurrent parent. 

Use of Poly morphism Assay for Mapping a Library of DNA clones 

15 The polymorphisms and loci of this invention are useful for identifying and mapping 

DNA sequence of QTLs and genes linked to the polymorphisms. For instance, BAC or YAC 
clone libraries can be queried using polymorphisms linked to a trait to find a clone containing 
specific QTLs and genes associated with the trait. For instance, QTLs and genes in a plurality, 
e.g., hundreds or thousands, of large, multi-gene sequences can be identified by hybridization 

20 with an oligonucleotide probe that hybridizes to a mapped and/or linked polymorphism. Such 
hybridization screening can be improved by providing clone sequence in a high density array. 
The screening method is more preferably enhanced by employing a pooling strategy to 
significantly reduce the number of hybridizations required to identify a clone containing the 
polymorphism. When the polymorphisms are mapped, the screening effectively maps the clones. 

25 For instance, in a case where thousands of clones are arranged in a defined array, e.g., in 

96-well plates, the plates can be arbitrarily arranged in three-dimensionally, arrayed stacks of 
wells each comprising a unique DNA clone. The wells in each stack can be represented as 
discrete elements in a three dimensional array of rows, columns and plates. In one aspect of the 
invention the number of stacks and plates in a stack are about equal to minimize the number of 

30 assays. The stacks of plates allow the construction of pools of cloned DNA. 
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For a three-dimensionally arrayed stack, pools of cloned DNA can be created for (a) all 
of the elements in each row, (b) all of the elements of each column, and (c) all of the elements of 
each plate. Hybridization screening of the pools with an oligonucleotide probe that hybridizes to 
a polymorphism unique to one of the clones will provide a positive indication for one column 
5 pool, one row pool and one plate pool, thereby indicating the well element containing the target 
clone. 

In the case of multiple stacks, additional pools of all of the clone DNA in each stack 
allows indication of the stack having the row-column-plate coordinates of the target clone. For 
instance, a 4608 clone set can be disposed in 48 96-well plates. The 48 plates can be arranged in 

10 8 sets of 6-plate stacks providing 6x12x8 three-dimensional arrays of elements, i.e., each stack 
comprises 6 stacks of 8 rows and 1 2 columns. For the entire clone set there are 36 pools, i.e., 6 
stack pools, 8 row pools, 12 column pools and 8 stack pools. Thus, a maximum of 36 
hybridization reactions is required to find the clone harboring QTLs or genes associated or linked 
to each mapped polymorphism. 

15 Once a clone is identified, genes within that clone can be tested for whether they affect 

the trait by analysis of recombinants in a mapping population, further linkage disequilibrium 
analysis, and ultimately transgenic testing. Additional genes can be identified by finding 
additional clones overlapping the one containing the original polymorphism through contig 
building, as described above. 

20 

Breeding Plants of the Invention 

In addition to direct transformation of a particular plant genotype with a construct 
prepared according to the current invention, transgenic plants may be made by crossing a plant 
having a construct of the invention to a second plant lacking the construct. For example, a 

25 selected coding region operably linked to a promoter can be introduced into a particular plant 
variety by crossing, without the need for ever directly transforming a plant of that given variety. 
Therefore, the current invention not only encompasses a plant directly regenerated from cells that 
have been transformed in accordance with the current invention, but also the progeny of such 
plants. As used herein the term "progeny" denotes the offspring of any generation of a parent 

30 plant prepared in accordance with the instant invention, wherein the progeny comprises a 

construct prepared in accordance with the invention. "Crossing" a plant to provide a plant line 
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having one or more added transgenes relative to a starting plant line, as disclosed herein, is 
defined as the techniques that result in a transgene of the invention being introduced into a plant 
line by crossing a starting line with a donor plant line that comprises a transgene of the invention. 
To achieve this one could, for example, perform the following steps: 
5 (a) plant seeds of the first (starting line) and second (donor plant line that comprises a 

transgene of the invention) parent plants; 

(b) grow the seeds of the first and second parent plants into plants that bear flowers; 

(c) pollinate a flower from the first parent plant with pollen from the second parent 
plant; and 

10 (d) harvest seeds produced on the parent plant bearing the fertilized flower. 

Back crossing is herein defined as the process including the steps of: 

(a) crossing a plant of a first genotype containing a desired gene, DNA sequence or 
element to a plant of a second genotype lacking the desired gene, DNA sequence 
or element; 

15 (b) selecting one or more progeny plants containing the desired gene, DNA sequence 

or element; 

(c) crossing the progeny plant to a plant of the second genotype; and 

(d) repeating steps (b) and (c) for the purpose of transferring the desired gene, DNA 
sequence or element from a plant of a first genotype to a plant of a second 

20 genotype. 

Plant Breeding 

Introgression of a DNA element into a plant genotype is defined as the result of the 
process of back cross conversion. A plant genotype into which a DNA sequence has been 
25 introgressed may be referred to as a backcross converted genotype, line, inbred, or hybrid. 
Similarly a plant genotype lacking the desired DNA sequence may be referred to as an 
unconverted genotype, line, inbred, or hybrid. 

Backcrossing can be used to improve a starting plant. Backcrossing transfers a specific 
desirable trait from one source to an inbred or other plant that lacks that trait. This can be 
30 accomplished, for example, by first crossing a superior inbred (A) (recurrent parent) to a donor 
inbred (non-recurrent parent), which carries the appropriate gene(s) for the trait in question, for 
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example, a construct prepared in accordance with the current invention. The progeny of this 
cross first are selected in the resultant progeny for the desired trait to be transferred from the 
non-recurrent parent, then the selected progeny are mated back to the superior recurrent parent 
(A). After five or more backcross generations with selection for the desired trait, the progeny are 
5 hemizygous for loci controlling the characteristic being transferred but are like the superior 
parent for most or almost all other genes. The last backcross generation would be selfed to give 
progeny that are pure breeding for the gene(s) being transferred, i.e., one or more transformation 
events. 

Therefore, through a series a breeding manipulations, a selected transgene may be moved 

10 from one line into an entirely different line without the need for further recombinant 

manipulation. Transgenes are valuable in that they typically behave genetically as any other 
gene and can be manipulated by breeding techniques in a manner identical to any other corn 
gene. Therefore, one may produce inbred plants that are true breeding for one or more 
transgenes. By crossing different inbred plants, one may produce a large number of different 

15 hybrids with different combinations of transgenes. In this way, plants may be produced that 
have the desirable agronomic properties frequently associated with hybrids ("hybrid vigor"), as 
well as the desirable characteristics imparted by one or more transgene(s). 

It is desirable to introgress the genes of the present invention into maize hybrids for 
characterization of the phenotype conferred by each gene in a transformed plant. The host 

20 genotype into which the transgene was introduced, preferably LH59, is an elite inbred and 
therefore only limited breeding is necessary in order to produce high yielding maize hybrids. 
The transformed plant, regenerated from callus is crossed, to the same genotype, e.g., LH59. 
The progeny are self-pollinated twice, and plants homozygous for the transgene are identified. 
Homozygous transgenic plants are crossed to a testcross parent in order to produce hybrids. The 

25 test cross parent is an inbred belonging to a heterotic group that is different from that of the 
transgenic parent and for which it is known that high yielding hybrids can be generated, for 
example hybrids are produced from crosses of LH59 to either LH195 or LH200. 



The following examples illustrate the identification of polymorphic markers useful for 
30 mapping and isolating genes of this invention and as markers of QTLs and genes associated with 
an oil-related trait. Other examples illustrate the identification of oil-related genes and partial 
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genes. Still other examples illustrate methods for inserting genes of this invention into a plant 
expression vector, i.e., operably linked to a promoter and other regulatory elements, to confer an 
oil-related trait to a transgenic plant. 

5 Example 1 

This example illustrates the identification of oil-associated genes and maize oil markers, 
a. Candidate oil genes 

A set of more than 800 candidate oil genes was identified (a) as homologs of plant genes 
that are believed to be in an oil-related metabolic pathway of a model plant such as Arabidopsis 
10 thaliana; (b) by comparing transcription profiling results for high oil and low oil maize lines; 
and (c) by subtractive hybridization between endosperm tissues of high oil and low oil maize 
lines. The sequences of the candidate oil genes were queried against a proprietary collection of 
maize genes and partial maize genes, e.g., genomic sequence or ESTs, to identify a set of more 
than 800 candidate maize oil genes. 
1 5 b. Maize polymorphisms 

Maize polymorphisms were identified by comparing alignments of DNA sequences from 
separate maize lines. Candidate polymorphisms were qualified by the following parameters: 

(a) The minimum length of sequence for a synthetic reference sequence is 200 bases. 

(b) The percentage identity of observed bases in a region of 1 5 bases on each side of a 
20 candidate SNP, is 75%. 

(c) The minimum phred quality in each of the various sequences at a polymorphism site is 
35. 

(d) The minimum phred quality in a region of 15 bases on each side of the polymorphism 
site is 20. 

25 c. oil informative markers 

The SNP and Indel polymorphisms in each locus were qualified for detection by 

development of an assay, e.g., Taqman® assay (Applied Biosystems, Foster City, California). 

Assay qualified polymorphisms are evaluated for oil informativeness by comparing allelic 

frequencies in the two parental lines of an association study population. The parent lines were 
30 representatives of an oil rich maize population and an oil poor maize population, i.e., the 

University of Illinois High Oil and Low Oil maize lines as described by Dudley and Lambert 
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(1992, Maydica 37: 81-87). Informativeness is reported as an allelic frequency difference 
between parental populations, i.e. the high oil line and the low oil line. When one of the parents, 
e.g., the high oil line, is fixed, its allelic frequency is 1 . Markers were qualified if they had an 
allelic frequency difference of at least 0.6. If the marker was fixed in either parent with a 

5 frequency of 0 or 1 , a marker could be selected at a lower allelic frequency difference of at least 
0.4. The informative markers were viewed on a genetic map to identify marker-deficient regions 
of chromosomes. Markers with lower allelic frequency difference, e.g., as low as 0.15, were 
selected to fill in the marker-deficient regions of chromosomes. A set of informative markers 
were used in a marker-trait association study to verify oil-associated genes from the set of 

10 candidate oil genes. 

d. Labeled Probe Degradation Assay for SNP Defection 

A quantity of maize genomic template DNA (e.g., about 2-20 ng) is mixed in 5 |iL total 
volume with four oligonucleotides, which can be designed by Applied Biosystems, i.e., a 
forward primer, a reverse primer, a hybridization probe having a VIC reporter attached to the 5' 

15 end, and a hybridization probe having a FAM reporter attached to the 5'end as well as PCR 

reaction buffer containing the passive reference dye ROX. The PCR reaction is conducted for 35 
cycles using a 60 °C annealing-extension temperature. Following the reaction, the fluorescence 
of each fluorophore as well as that of the passive reference is determined in a fluorimeter. The 
fluorescence value for each fluorophore is normalized to the fluorescence value of the passive 

20 reference. The normalized values are plotted against each other for each sample. The data 
points should fall into clearly separable clusters. 

To confirm that an assay produces accurate results, each new assay is performed on a 
number of replicates of samples of known genotypic identity representing each of the three 
possible genotypes, i.e., two homozygous alleles and a heterozygous sample. To be a valid and 

25 useful assay, it must produce clearly separable clusters of data points, such that one of the three 
genotypes can be assigned for at least 90% of the data points, and the assignment is observed to 
be correct for at least 98% of the data points. Subsequent to this validation step, the assay is 
applied to progeny of a cross between two highly inbred individuals to obtain segregation data, 
which are then used to calculate a genetic map position for the polymorphic locus. 

30 



38 



38-77(52900)F 



e. Marker mapping 

The maize markers were genetically mapped based on the genotypes of certain SNPs. 
The genotypes were combined with genotypes for public core SSR and RFLP markers scored on 
recombinant inbred lines. Before mapping, any loci showing distorted segregation (PO.01 for a 
5 Chi-square test of a 1:1 segregation ratio) were removed. These loci could be added to the map 
later but without allowing them to change marker order. 

A map was constructed using the JoinMap version 2.0 software, which is described by 
Stam ("Construction of integrated genetic linkage maps by means of a new computer package: 
JoinMap, The Plant Journal 3: 739-744 (1993); Stam, P. and van Ooijen, J.W. "JoinMap 

10 version 2.0: Software for the calculation of genetic linkage maps (1995) CPRODLO, 

Wageningen). JoinMap implements a weighted-least squares approach to multipoint mapping in 
which information from all pairs of linked loci (adjacent or not) is incorporated. Linkage groups 
were formed using a LOD threshold of 5.0. The SSR and RFLP public markers were used to 
assign linkage groups to chromosomes. Linkage groups were merged within chromosomes 

15 before map construction. 

Haldane's mapping function was used to convert recombination fractions to map 
distances. Lenient criteria was applied for excluding pairwise linkage data; only data with a 
LOD not greater than 0.001 or a recombination fraction not less than 0.499 are excluded. 
Parameters for ordering loci were a jump threshold of 5.0, a triplet threshold of 7.0 and a ripple 

20 value of 3. About 38% of the loci were ordered in two rounds of map construction with a jump 
threshold of 5.0, which prevents the addition of a locus to the map if such addition results in a 
jump of more than 5.0 to a goodness-of-fit criterion. The remaining loci were added to the map 
without application of such a jump threshold. Addition of these loci had a negligible effect on 
the map order and distances for the initial loci. Mapped SNP polymorphisms are identified in 

25 Table 6. 

f. Marker trait association 

The informative maize markers were used in an association study to identify which of the 
candidate genes were more significantly associated with oil level in corn (Zea mays). 

The University of Illinois has corn lines differing in seed oil that have been developed by 
30 long-term selection. A high oil line (IHO) produces about 18% seed oil and a low oil line (ILO) 
produces about 1 .5% seed oil. The IHO and ILO lines are available from the University of 
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Illinois for research. A random mated population (RMn) was produced from random mating 
offspring of a cross between IHO and 1LO by chain crossing for 1 0 generations to produce an 
RM 1 0 population. From the RM 1 0 population 504 S 1 -derived lines were developed by selfing 
and these lines constitute an association study population. This population along with 72 control 
5 samples were genotyped using oil informative SNPs. 

Phenotypes were measured on 504 association population lines in replicated field trials 
with an alpha(OJ) incomplete block design. The field trials comprised the 504 lines grown in 
each of two years at each of 3 locations with 2 replicates per location. The lines were blocked 
within each replicate. These field trials were performed on the 504 RM10:S1 lines, perse, and 

10 on hybrids made by crossing each line to a tester line, i.e., line (705 1), but detailed marker 
genotyping information was obtained for only 499 of the lines. 
Analysis of Variance 

One approach to detecting marker-trait associations is to do analysis of variance 
(ANOVA) of each marker separately (i.e. single marker ANOVA with a model of trait = marker- 

15 x). When 488 markers were analyzed in this way for both per se and hybrid data, 186 markers 
were identified as having a significant effect on oil % at the alpha=0.05 level. See prior U.S. 
application Serial No. 10/389,566. 

Multiple Regression Analysis 

20 An alternative statistical approach is to use multiple regression to determine which of a 

set of markers are simultaneously significantly associated with a trait of interest. First, it was 
established that a simple additive model is appropriate for these data. An analysis of variance of 
the raw observations was used to estimate variance components for environment (location x year 
combination), genotype (RM10:S1 line) and the genotype x environment interaction. The 

25 genotype x environment interaction variance component is < 1 /0th the component for genotype. 
Similarly, ANOVAs of the line means show little or no dominance. In 488 tests of dominance 
(one per marker), only 27 have a p-value <0.05, which is close to the number expected by chance 
(24). All pairwise interactions between markers were tested also and we observed just 5.7% of 
the tests significant at the 5% level. Therefore, in subsequent analyses the genotypes were coded 

30 as -1 , 0 , 1 (for AA, Aa, aa) and multiple regression models without interaction terms were used. 
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One reason for using a multiple regression approach is that it is expected to be more 
sensitive in detecting trait effects in the presence of multiple QTLs. The reason is that, with 
single marker regression, nearly all the variance is in the error term. With multiple regression, if 
some of the markers account for variation in the trait, that variation is removed from the error 
5 term, thus providing greater statistical power. Of two new multiple regression methods that were 
evaluated along with single marker ANOVA, stepwise multiple regression was found to perform 
best in simulations. For details of the simulation results, see Laurie et al 9 in preparation. 

Stepwise multiple regression was done with the "maxr" option of "PROC REG" of SAS 
software. "The MAXR method begins by finding the one-variable model producing the highest 

10 R 2 . Then another variable, the one that yields the greatest increase in R 2 , is added. Once the two- 
variable model is obtained, each of the variables in the model is compared to each variable not in 
the model. For each comparison, the MAXR method determines if removing one variable and 
replacing it with the other variable increases R 2 . After comparing all possible switches, the 
MAXR method makes the switch that produces the largest increase in R 2 . Comparisons begin 

15 again, and the process continues until the MAXR method finds that no switch could increase R 2 . 
Thus, the two-variable model achieved is considered the "best" two-variable model the technique 
can find. Another variable is then added to the model, and the comparing-and-switching process 
is repeated to find the "best" three- variable model, and so forth. " (SAS Online Documentation, 
1999 SAS Institute, Inc., Version 8). The "best" model (in terms of maximizing R 2 ) was 

20 identified by MAXR for each model size in the range of 1 to 120 markers. 

The "best" subset size was selected by minimizing a criterion that is equivalent to 
maximum likelihood with a penalty on model complexity. In general, the criterion = -2 log 
likelihood of the model - pk, where p is the number of parameters in the model (the number of 
markers plus one for the intercept) and k is a penalty factor. The Schwarz Bayesian Criterion 

25 (BIC, Rawlings, J. O., S. G. Pantula and D. A. Dickey, 1998, Applied Regression Analysis. 

Springer- Verlag, New York.) was used, for which k=ln(n), in this case, ln(499)=6.2). The "best" 
model dimension is taken as the minimum value of SBC, evaluated from 1 to 120 regressors. 

Analyzing the RM 1 0:S 1 per se data by maxr/bic, 50 markers are selected. One 
disadvantage of the maxr/bic procedure is that it is difficult to assess statistical significance in a 

30 rigorous way. Although one gets probability values from tests of the partial regression 

coefficients, those values are not easily interpreted because the data were used to select markers 



41 



38-77(52900)F 



that maximize the R 2 of regression. The p-values of the single-marker regressions are 
straightforward probabilities. If the 50 markers having lowest single marker p-values are 
selected, the greatest p-value is 0.0097. Since these markers are highly significant and the 
simulations show that maxr/bic essentially always does better than single marker regressions, it 
5 is assumed that the maxr/bic selected markers are at least as "significant" as those selected by 
single marker regression. Analyzing the hybrid data by maxr/bic, 39 markers are selected. If 
the 39 markers with lowest p-values of single marker regression from hybrids are selected, the 
largest p-value in the set is 0.0029. 

There are 73 markers that are selected in either the per se and/or hybrid data sets (1 6 of 

10 these are selected in both). These 73 markers are significantly associated with oil in maize, 
which means it is very likely that they either directly cause variation in oil or they are closely 
linked to QTL that cause such variation. These 73 significant markers which are very likely to 
either reside within an oil gene or to be closely linked to an oil gene are in the 73 polymorphic 
loci of SEQ ID NO: 1 through SEQ ID NO:73 and identified more particularly in Table 1 . A set 

15 of 73 of the candidate genes having sequence that overlaps with any one or more of the 73 

genomic amplicons of SEQ ID NO:l through SEQ ID NO:73 were identified and designated as 
oil-associated genes and are identified as having a cDNA sequence of SEQ ID NO:74 through 
SEQ ID NO: 146. Because these oil-associated genes contain or are associated by linkage 
disequilibrium to a statistically significant maize oil marker, these oil-associated genes are most 

20 likely to be oil genes. 

Tables 1-5 provides a description of 73 genomic amplicons defining polymorphic loci of 
the maize oil markers of this invention, 73 oil-associated genes and the cognate proteins and 
homologous proteins. These particular aspects of the invention are identified by: 

"seq_num", which refers to the sequence number of the nucleic acid sequence or amino 

25 acid sequence, e.g., a SEQ ID NO.; and 

"seq|_id", which refers to an arbitrary identifying name for an amplicon, e.g. "Amplicon 
nnn", for an oil-associated gene, e.g., "MRT4577_nnnnC", for a cognate protein of an oil- 
associated gene, e.g. . "MRT4577_nnnnP", of for a cognate protein of a homolog to an oil- 
associated gene, e.g. "MRT4577_nnnnP" or a name from a database such as GenBank, e.g. 

30 "gi:6539874". 

"organism_name" which refers to the source organism for the gene or protein. 
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More particularly, the maize oil markers in the 73 genomic amplicons are described by: 

MUTATION _ID, which refers to one or more arbitrary identifying names for each 
polymorphism; 

START_POS which refers to the position in the nucleotide sequence of the polymorphic 
5 maize DNA locus where the polymorphism begins; 

END_POS which refers to the position in the nucleotide sequence of the polymorphic 
maize DNA locus where the polymorphism ends; for SNPs the START_POS and END_POS are 
common; 

TYPE which refers to the identification of the polymorphism as an SNP or IND (Indel); 
10 ALLELEn and STRAINn which refer to the nucleotide sequence of a polymorphism in 

a specific allelic maize variety; and 

GENE_IB refers to the SEQJD of the oil-associated gene identified later in Table 1 . 

More particularly, the oil-associated genes and their cognate proteins are described by: 
15 DESCRIPTION, which refers to a functional description of an oil-associated gene, e.g., 

"gene encoding MRT4577_nnnnP" or a functional description of a cognate protein, e.g., a 
GenBank annotation or "long ORF" indicating no known protein function for an amino acid 
sequence that is translated from a longest available ORF. 

Table 6 provides genetic map positions of maize oil markers and linked oil-associated 
20 genes; a description of the probability of significance of the marker/trait association (as 

determined from per se or hybrid association analysis for the marker); and the identification and 
sequence number of the oil-associated gene and their translated proteins. More particularly, 
Table 6 identifies maize oil markers, oil-associated genes and proteins by: 

"Map Position" which identifies the distance measured in cM from the 5' end of a 
25 maize chromosome for the SNP identified by "Mutation ID", which refers to an arbitrary 
identifying name for each polymorphism; 

Seq Num, which refers to the sequence number of a genomic amplicon containing the 
maize oil marker; 

Protein Seq Num, which refers to the sequence number of the amino acid sequence, e.g., 
30 a SEQ ID NO, for the cognate protein encoded by a linked oil-associated gene. 
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Table 6 



Map Position 


Mutation ID 


Seq Num 


Protein Seq 
Num 










1-30.4 


144506 


67 


213 


1-44 


104827 


55 


201 


1-46.8 


37716 


35 


181 


1-60.6 


40189 


38 


184 


1-85.9 


69188 


50 


196 


1-86.3 


36286 


32 


178 


1-99 


107077 


58 


204 


1-124.6 


33373 


27 


173 


1-129.5 


9626 


5 


151 


1-132.1 


34903 


28 


174 


1-178.6 


151382 


73 


219 










2-5.8 


31064 


22 


168 


2-19.5 


82235 


53 


199 


2-35. 9 


13691 


9 


155 


2-92.5 


551 


1 


147 


2-114 .9 


22775 


16 


162 


2-127 


41850 


40 


186 


2-152.4 


43579 


43 


189 










3-9.1 


10667 


7 


153 


3-19.7 


32137 


25 


171 


3-58. 6 


29867 


21 


167 


3-59.3 


21190 


14 


160 


3-61.7 


32247 


26 


172 


3-62.7 


9739 


6 


152 


3-111.4 


110780 


62 


208 










4-38.7 


110069 


61 


207 


4-80 


106845 


57 


203 


4-108.2 


39511 


37 


183 


4-109.2 


23289 


18 


164 


4-110.3 


8979 


4 


150 


4-119.2 


18439 


13 


159 


4-128.1 


32049 


24 


170 


4-135.8 


17900 


12 


158 


4-144.8 


35338 


29 


175 










5-39. 9 


109403 


60 


206 
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Map Position 


Mutation ID 


Seq Num 


Protein Seq ! 
Num 


5-57.7 


52081 


45 


191 


5-62.3 


51419 


44 


190 


5-66.9 


146415 


71 


217 


5-69. 6 


144731 


68 


214 


5-76.4 


29820 


20 


166 


5-80. 9 


143418 


66 


212 


5-83 


104850 


56 


202 


5-100.9 


35377 


30 


176 


5-104 .5 


58375 


46 


192 










6-52.8 


4463 


2 


148 


6-53.1 


60751 


49 


195 


6-58. 1 


59008 


48 


194 


6-61.5 


148039 


72 


218 


6-67.5 


14694 


11 


157 


6-110.4 


31684 


23 


169 


6-121 


37634 


34 


180 










7-62 


42164 


41 


187 


7-72.8 


42930 


42 


188 


7-99.8 


35408 


31 


177 


7-107.5' 


38914 


36 


182 


7-122.2 


145260 


70 


216 


7-124 .5 


15184 


10 


156 


7-186.5 


36490 


33 


179 










8-16.4 


40320 


39 


185 


8-40. 9 


107937 


59 


205 


8-53.9 


145200 


69 


215 


8-55.7 


23091 


17 


163 


8-59.3 


77568 


51 


197 


8-65.8 


104389 


54 


200 


8-106.8 


13100 


8 


154 










9-20.5 


58904 


47 


193 


9-94 . 6 


112139 


64 


210 


9-110.3 


8937 


3 


149 


9-110.3 


78438 


52 


198 


9-165.8 


110886 


63 


209 










10-50.5 


143408 


65 


211 


10-56.7 


22717 


15 


161 


10-73.6 ! 


27447 


19 


165 
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Example2 

This example illustrates transgenic corn with altered oil level using recombinant DNA 
from an oil-associated gene. 
5 GATEWAY™ destination vectors (available from Invitrogen Life Technologies, 

Carlsbad, CA) are constructed for insertion of recombinant DNA from oil-associated genes for 
corn transformation. The elements of each destination vector are summarized in Table 7 below 
and include a selectable marker transcription region and a DNA insertion transcription region. 
The selectable marker transcription region comprises a Cauliflower Mosaic Virus 35S promoter 

10 operably linked to a gene encoding neomycin phosphotransferase II (nptU) followed by both the 
3' region of the Agrobacterium twnefaciens nopaline synthase gene (nos) and the 3' region of the 
potato proteinase inhibitor II (pin\\) gene. The DNA insertion transcription region comprises a 
rice actin 1 promoter, a rice actin 1 exon 1 intronl enhancer, an att- flanked insertion site and the 
3' region of the potato pinU gene. Following standard procedures provided by Invitrogen the att- 

15 flanked insertion region is replaced by recombination with DNA from an oil-associated gene, in 
a sense orientation for expression of the cognate protein from an oil-associated gene and in a 
gene suppression orientation (i.e. either anti-sense orientation or in a sense-and anti-sense 
orientation) for a suppression of an oil associated gene. Although the vector with DNA from an 
oil-associated gene inserted at the ^//-flanked insertion region is useful for plant transformation 

20 by direct DNA delivery, such as microprojectile bombardment, it is preferable to bombard target 
plant tissue with tandem transcription units that have been cut from the vector. For 
Agrobacterium-mediated transformation of plants the vector also comprises T-DNA borders 
from Agrobacterium flanking the transcription units. 

Vectors for Agrobacterium-mediated transformation are prepared with recombinant DNA 

25 from each of the oil-associated genes having a sequence of SEQ ID NO: 74 through SEQ ID NO: 
146 and for each of the homologous oil-associated genes encoding a protein having an amino 
acid sequence of SEQ ID NO: 220 through SEQ ID NO: 2337 with the DNA solely in sense 
orientation for expression of the oil-associated protein.. Each vector is transformed into corn 
callus which is propagated into a plant that is grown to produce transgenic seed. Progeny plants 

30 are self-pollinated to produce seed which is selected for homozygous seed. Homozygous seed is 
used for producing inbred plants, for introgressing the trait into elite lines, and for crossing to 
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make hybrid seed. Progeny transgenic plants (both inbreds of the transgenic plant and hybrids 
with other corn lines) comprise the recombinant DNA from an oil-associated gene and have 
enhanced oil in seed. Transgenic corn including inbred and hybrids with enhanced oil are also 
produced with recombinant DNA from each of the homologous genes of an oil-associated gene 
5 that encode a protein having an amino acid sequence of SEQ ID NO:220 through SEQ ID 
NO:2337. Transgenic corn plants with recombinant DNA from each oil-associated gene and 
each homolog of an oil-associated gene are also produced where the rice actin 1 promoter and 
enhancer are replaced with each of the promoters in the group consisting of a maize globulin 1 
promoter, a maize L3 oleosin promoter, a maize emb5 promoter, a zein Z27 promoter, a gamma 

10 coixin promoter, and a CaMV 35S promoter. Seed produced by the plants is provided to growers 
to enable production of corn crops with enhanced oil. 

Vectors for Agrobacterium-vc\z<\\dL\z<\ transformation are also prepared with recombinant 
DNA from each of the oil-associated genes having a sequence of SEQ ID NO: 74 through SEQ 
ID NO: 146 in a gene suppression orientation for suppression of the maize endogenous oil- 

15 associated gene. Each vector is transformed into corn callus which is propagated into a plant that 
is grown to produce transgenic seed. Progeny plants are self-pollinated to produce seed which is 
selected for homozygous seed. Homozygous seed is used for producing inbred plants, for 
introgressing the trait into elite lines, and for crossing to make hybrid seed. Progeny transgenic 
plants (both inbreds of the transgenic plant and hybrids with other corn lines) comprise the 

20 recombinant DNA from an oil-associated gene and have reduced oil in seed. Transgenic corn 
plants with recombinant DNA for suppressing each oil-associated gene are also produced where 
the rice actin 1 promoter and enhancer are replaced with each of the promoters in the group 
consisting of a maize globulin 1 promoter, a maize L3 oleosin promoter, a maize emb5 
promoter, a zein Z27 promoter, a gamma coixin promoter, and a CaMV 35 S promoter. Seed 

25 produced by the plants is provided to growers to enable production of corn crops with reduced 
oil. 

Table 7 



Elements of an exemplary corn transformation vector 



FUNCTION 


ELEMENT 


REFERENCE 




Rice actin 1 promoter 


U.S. Patent 5,641,876 
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FUNCTION 


Fl FMFNT 


RFFFRFNCF 


DNA insertion 
transcription region 


Rice actin 1 promoter 


U.S. Patent 5,641,876 


DNA insertion 
transcription region 
{ait -flanked 
insertion region) 


Eidfclactin 1 exon 1, intron 
1 enhancer 


GiSTEMeAft5;eCl#i]6g Technology 
Instruction Manual 


CmR gene 


GATEWAY™Cloning Technology 
Instruction Manual 


ccdA, ccdB genes 


GATEWAY™Cloning Technology 
Instruction Manual 


attR2 


GATEWAY™Cloning Technology 
Instruction Manual 


DNA insertion 
transcription region 


Potato pinll 3' region 


An etal. (1989) Plant Cell 1:115- 
122 


selectable marker 
transcription region 


CaMV 35S promoter 


U.S. Patent 5,858,742 


nptll selectable marker 


U.S. Patent 5,858,742 


nos 3region 


U.S. Patent 5,858,742 


Pinll 3 9 region 


An et al. ( 1 989) Plant Cell 1:115- 
122 




ColEl origin of replication 




Fl origin of replication 




Bla ampicillin resistance 





Example 3 

This example illustrates transgenic soybean with altered oil level using recombinant 
DNA from an oil-associated gene. 

GATEWAY™ destination vectors (available from Invitrogen Life Technologies, 
Carlsbad, CA) are constructed for insertion of recombinant DNA from oil-associated genes for 
soybean transformation. Constructs for use in transformation of soybean are prepared by 
restriction enzyme based cloning into a common expression vector. Elements of an exemplary 
common expression vector are shown in Table 8 below and include a selectable marker 
expression cassette and a gene of interest expression cassette. The selectable marker expression 
cassette comprises Arabidopsis act 7 gene (AtAct7) promoter with intron and 5'UTR, the transit 
peptide of Arabidopsis EPSPS, the synthetic CP4 coding region with dicot preferred codon usage 
and a 3' UTR of the nopaline synthase gene. The gene of interest expression cassette comprises a 
Cauliflower Mosaic Virus 35S promoter operably linked to an oil-associated gene in a sense 
orientation for expression of an oil-enhancing protein and in a gene suppression orientation (i.e. 



48 



38-77(52900)F 



either anti-sense orientation or in a sense- and anti-sense orientation for suppression of an oil- 
associated gene. 

Vectors similar to that described above are be constructed for use in Agrobacterium 
mediated soybean transformation systems, with recombinant DNA from each of the oil- 
5 associated genes having a sequence of SEQ ID NO:74 though SEQ ID NO: 1 46 and homologous 
genes which encode proteins with an amino acid sequence of SEQ ID NO:220 through SEQ ID 
NO:2337 with the DNA in sense orientation for expression of the cognate protein. Transgenic 
soybean plants are produced using vectors for each oil-associated gene and homolog; the 
transgenic soybean plants have enhanced oil in the seed. Transgenic soybean plants are also 

10 produced for recombinant DNA from each of the oil-associated genes and homologs is 

transcribed by each of the promoters in the group consisting of a maize globulin 1 promoter, a 
maize L3 oleosin promoter, a maize emb5 promoter, a zein Z27 promoter, a gamma coixin 
promoter, and a CaMV 35S promoter. Seed produced by the plants is provided to growers to 
enable production of soybean crops with enhanced oil. 

15 Vectors for Agrobacterium-mediated transformation are also prepared with recombinant 

DNA from each of the homologs of oil-associated genes from Glycine max, e.g. DNA encoding 
the protein with the amino acid sequence of SEQ ID NO:244, 318, 31 8, 353 and each of the 
others listed in Table 5, in a gene suppression orientation for suppression of the endogenous 
soybean homolog. Each vector is transformed into corn callus which is propagated into a plant 

20 that is grown to produce transgenic seed. Progeny plants are self-pollinated to produce seed 
which is selected for homozygous seed. Homozygous seed is used for producing inbred plants, 
for introgressing the trait into elite lines, and for crossing to make hybrid seed. Progeny 
transgenic plants (both inbreds of the transgenic plant and hybrids with other corn lines) 
comprise the recombinant DNA from an oil-associated gene and have reduced oil in seed. 

25 Transgenic corn plants with recombinant DNA for suppressing each oil-associated gene are also 
produced where the rice actin 1 promoter and enhancer are replaced with each of the promoters 
in the group consisting of a maize globulin 1 promoter, a maize L3 oleosin promoter, a maize 
emb5 promoter, a zein Z27 promoter, a gamma coixin promoter, and a CaMV 35S promoter. 
Seed produced by the plants is provided to growers to enable production of corn crops with 

30 reduced oil. 
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TABLE 8 



Elements of an exemplary soybean transformation construct 



Function 


Element 


Reference 


Agro transformation 


B-ARGtu.right border 


Depicker, A. et al (1982) 
Mol Appl Genet 1:561- 
573 


Antibiotic resistance 


CR-Ec.aadA-SPC/STR 




Repressor of primers from the ColEl 
plasmid 


CR-Ec.rop 




Origin of replication 


OR-Ec.oriV-RK2 




Agro transformation 


B-ARGtu.left border 


Barker, R.F. et al (1983) 
Plant Mol Biol 2:335-350 


Plant selectable marker expression 
cassette 


Arabidopsis act 7 gene 

(AtAct7) promoter with 

intron and 5*UTR 

5 f UTR of Arabidopsis act 7 

gene 

Intron in 5'UTR of At Act 7 


McDowell etai (1996) 
Plant Physiol. 111:699- 
711. 


Transit peptide region of 
Arabidopsis EPSPS 


Klee,H.J.e/ al (1987) 
MGG 210:437-442 


Synthetic CP4 coding region 
with dicot preferred codon 
usage 




A 3 f UTR of the nopaline 
synthase gene of 
Agrobacterium tumefaciens 
Ti plasmid 


U.S. Patent 5,858,742 


Plant gene of interest expression 
cassette 


Promoter for 35S RNA from 
CaMV containing a 
duplication of the -90 to -350 
region 


U.S. Patent 5,322,938 


Gene of interest insertion site 




Cotton E6 y end 


GenBank accession 
U30508 
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